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The object of this book is to assist the student to 
gain an idea of the head as a whole, as it exists during 
life. It has appeared to me that this which is the most 
valuable, indeed the only true, knowledge of anatomy, 
is somewhat overlooked in the methods of instruction in 
vogue in America, and I believe also in England. 
With us the attention is directed chiefly to descriptive 
anatomy, and the relations of parts to one another are 
neglected, except such as are of evident surgical im- 
portance. Knowledge of anatomy may be compared to 
that of a city. Many can enumerate the streets crossing 
the great thoroughfares, can even draw pretty accurate 
diagrams of the main streets and squares, but be abso- 
lutely ignorant of the direction of distant places from one 
another and consequently of the short cuts between them 
and what is to be encountered on the way. One who 
knows all this may be said to know the city, and he 
who can tell what a rod thrust through any part of 
the body will strike knows anatomy in its most practical 
aspect. Histology holds no place in this work, nor 
have I thought it advisable to discuss many of the 
smaller details, but I have tried to impress on the stu- 
dent the general plan. To obtain this knowledge the 
study of frozen sections is of great value. It never can 
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take the place of dissection ; but, on the other hand, these 
sections give views that can be obtained in no other way, 
and which, due allowance being made for post-mortem 
changes, must necessarily be true. The plates are 
bound in a manner to be easily consulted, and the reader 
is urged to consult them frequently, even when his at- 
tention is not directly called to them by references in the 
text. The sections which they represent were made by 
me from one head, that of an elderly man, and belong 
to the cabinet of the Medical School of Maine. The 
drawings were made under my immediate supervision 
and are very accurate, as I endeavored to resist the 
temptation to improve nature. I must admit that an 
exception was made in Plate I. in favor of the left eye, 
which was much distorted as the head was not very 
fresh. For the same reason some slight additions were 
made to the brain, but otherwise the plates are as exact 
as they well can be. Some conventionality in the treat- 
ment, is of course, unavoidable. 

THE AUTHOR. 
70 Beacon Street, Boston, 
August^ 1876. 
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INTRODUCTION. 



Is this work the head will be held to include all above 
the hyoid bone. Usually the parts undev the chin and be- 
hind theangle of the jaw are classed with the neck, and 
the posterior portion with the back. This aiTangement 
is convenient for description, owing to the continuity of 
BOTiie of the structures in these regions with those below ; 
but in order to obtain an idea of the head aa a whole, I 
prefer to add to it the first two vertebra; rather than to 
^ take fi'om it. The transverse sections represented in the 
L plates show excellently the plan of tlie head. Behind, it 
I oonsiste of the skull, containing the posterior lobes of the 
I brain and the cerebellum, projecting backwards from the 
t Bpme and overhanging a solid mass of muscle. Farther 
[■forward the cavity runs down into that of the spinal 
( canal and is filled by the medulla connecting the brain 
, and cord. On front of this comes the column of the ver- 
I tebrre, and above that we see the temporal bones project- 
I* ing boldly into the cranial cavity and shutting off the 
i posterior fossa in which the cerebellum is imprisoned. 
t The skull becomes more shallow on front of this, and the 
I cavity of the pharynx reaches to its base, at the sides of 
which are the outer ear and the joint of the jaw. The 
I parotid gland, the cervical vessels, and the thick muscles 
' of mastication fill up the space on both sides of the phar- 
ynx, which opens below into the oesophagus and trachea, 
The base of the skull splits at the middle into two lay- 
ei's, which inclose the sphenoidal sinus. The pharynx 
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is continued anteriorly into the nasal cavities, and into 
the mouth when the tongae is depressed. More ante- 
riorly at the plane of the anterior fossa of the skull, we 
find the latter smaU, and the greater part of the section 
occupied by the face, which is a mere light framework of 
delicate plates of bone, showing little strength, except in 
the lower jaw and around the teeth of the upper one. 
The nasal cavities are in the middle over the roof of the 
mouth, and on each side of them are the antra of the up- 
per jaw, and over these the orbits. In the angle between 
the orbits and the top of the nasal cavities are the eth- 
moidal ceUs. Such is the outline; we proceed to the 
details. 
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CHAPTER I. 
THE SKULL. 

The skull may be roughly described as an egg-shaped 
case with a flattened under surface, the fore part 
of which gives attaxihment to the face. The ^j^t 
sides, the top, and the back of the case are 
formed by flat bones, consisting for the most part of two 
layers, an outer and an inner table, with spongy tissue 
known as diploe between them ; but where the walls are 
very thin there is but a single layer. The vault of the 
skull presents but two minute and inconstant openings, 
the parietal foramina, for the passage of small veins ; but 
the base contains many openings and is of quite a differ- 
ent structure : in parts of it the bones are hollowed into 
mere shells, forming chambers communicating with the 
pharynx and lined with mucous membrane ; in parts the 
bones contain cancellated tissue, such as is found else- 
where, and again parts are made of solid bone. The base 
is decidedly the weakest part. 

Viewed from above the skull has usually an oval out- 
line, the greatest breadth being behind the mid- upper 
die and between the two parietal eminences, ^*®^' 
which are much less prominent in the adult than in the 
child. They may be said to decrease steadily from birth 
to adult age. The same is true, but in a greater degree, 
of the two frontal eminences, which are very marked in 
the infant but often hardly perceptible in the full gi'own 
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skull. Tlie fierrated sagittal suture runs in the middle 
between the parietal bones to a point somewhat in front 
of the summit, where it strikes the coronal suture, which 
forma a curved line with an anterior concavity bounding 
the frontal. This bone is developed from two chief cen- 
tres, corresponding to the frontal eminences ; and at birth 
there are two distinct frontal bones separated by the 
frontal suture. At the point where this suture and the 
sagittal meet the coronal one, the bones are rounded at 
birth, and thus there is left a diamond-shaped space 
known as the anterior fontanelle, that closes in the course 
of the first year. The frontal suture is sometimea per- 
sistent, but it almost never is directly continuous with 
the sagittal. The lambdoidal suture bounding the occipi- 
tal bone is barely seen from above. The shape of the 
head has been thought to depend on the relative time of 
closure of these sutures. According to this theory, un- 
common length is due to premature closure of the sagit- 
tal, and uncommon shortness and breadth to that of the 
frontal and lambdoidal. The correctness of this view has 
been doubted ; but whether or not it be more than a coin- 
cidence, it is certain that the appearance of the sutures 
in many skulU tends to confirm it. The fact that a per- 
sistent frontal suture is very i-arely found except in broad 
skulls,' 19 in its favor. The minute parietal foramina, 
when present, are found in the upper posterior angles 
of the parietals ; they are very rarely greatly enlarged, 
The two sides of the head are very seldom, one might 
almost say nevei-, symmetrical. Usually the front of one 
side and the back of the other are more prominent than 
the corresponding parts. An excellent demonstration of 
the constancy of this asymmetry, and of the extent it 
may reach, is to be found in a hatter's collection of out- 
lines of the head. 

' Simon, Virchoaf'a Archli; loL Ixxxv. 
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The skull seen from behind Buggeats a pentagon, and 
this shape may be very marked. One side is PoaioHor 
r formed by the base, two others by the sides of ^"'*- 

She akuU below the parietal eminences, and the remaining 
Tlwo by the borders from these points to the vertex. The 
Kjitamous portion of the occipital bone appears as a 
triangle bounded by the wavy and irregular lambdoidal 
suture. This frequently contains one or many separate 
boneu — Wormian bones; and it is not very rare to find 
one large one in the place of the upper part of the occipi- 
tal. Low down, near the junction of this surface with the 
baw, is the exterual occipital protuberance, ranging from 
a slight swelling to a very prominent knob. From each 
side of it the superior curved line runs toward the mas- 
told process and marks the height to which the muscles 
of the back of the neck rise on to the skull. 

The front view shows the skull coming down to the 
roof of the orbits and the root of the nose. Just 
above the latter there is a siiort suture, formed 
by many fine transverse serrations, which is the remains 
of the lower end of the obliterated frontal suture. Above 
and to the sides of this are the supercihary eminences 
caused by the tlevelopment of the frontal sinuses. The 
upper boundaries of the orbit slope downward towards 
the outer angular processes on which they end ; hut this 
milt not the case with the roof of the orbit. The processes 
ist mentionetl project outward from the side of the head 
lad join the malar bones. According to v. Jhering,^ . 
ftiey are developed from separate centres, Nejvr the in- 

'. end of the upper border of the orbit is found the 
mpra-orbital notch, or foramen, as the case may be. 

A clearer idea of the side view of the skull may he 
Ettbtfuned by removing the lower jaw and sawing off the 
I Reieherl and Du Boia Ho)-niona'i ArMi; 1872. 
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zygoma, the pterygoid, and the styloid proceeaea, as cer- 
Bide viB" of ^^"^ parts of some cranial bones belong prac- 
skuilpropsr. tic^Uy to the face. If the liead be in the normal 
position, the lowest point will be the mastoid process. 
Just on front of the base of this process is the external 
auditory meatus, and above both of these a ridge which 
runs into the zygoma. The front of the auditory process 
which surrounds the meatus, and curves iu to form part of 
its roof, is the border of the tympanic plate. This ex- 
tends downward into a pointed sliield over the ongin of 
the styloid process, known as tlie vaginal process, and up- 
wards to the articular layers of the joint of the jaw, from 
which it is separated by the Glaserian fissure. The up- 
per part of the side of tlie head is formed by the parietal 
and froutal, the lower by the temporal and a part of the 
greater wing of the sphenoid. The coronal suture nor- 
mally strikes the upper part of the sphenoid, thus sepa- 
rating the temporal and the fi-ontal. The cui'ved suture 
bounding the squamous bone, when it reaches its lower 
portion, is continued nearly straight backward to the 
lambdoidal. The conventional regions on the side of the 
slndl are of much importance. It is customary to call 
that pai-t of the cavity between the skull and the zygoma 
that is above that process, the temporal fossa, and that 
below it the zygomatic. The temporal fossa has been de- 
scribed as bounded above by the temporal ridge or line 
which arises from the external angular process of the 
frontal, and arches back across the paidetal, but this line 
was found to present most extraordinary variations. If it 
were true that it shows the origin of the temporal mus- 
cle, this niuscle in some skulls of no especial development 
would Lave done credit to a gorilla. The fact is, as 
Hyrtl ^ has shown, that there are two cui-ved lines, both 
1 Denkadtrljiai da- Academe der Wis^ndiajlen ai Wie; Bd. XXXHl. 
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starting from the point mentioned, but diverging as they 
travel backward ; the upper one runs over the rj,^^ curved 
parietal eminence to the lambdoidal suture, rigto-tem^o- 
whicli the lower never touches ; and the latter, 'ai region, 
crossing the lower part of the parietal, runs into the line 
already spoken of, which forms part of the root of the 
zygoma. It is rare to find the whole of both lines well 
marked, and either one or both may be wanting ; but usu- 
ally parts of both may be made out. The lower one 
marks the origin of the temporal muscle, and the upper, 
according to Hyrtl, merely separates the lateral from the T* V ^ 
superior aspect of the skull. V. Jhering^ believes that ^ * 

the upper one serves for the attachment of the temporal ' 

fascia, — a point we will consider later. 

The inferior aspect of the base of the skull is in part 
quite hidden by the face. We will begin with 

, . . T^ 1 1 1 I. 1 Inferior 

the posterior portion, trom the back of the view of 
foramen magnum a line runs to the occipital pro- 
tuberance, and is crossed at about the middle of its course 
by the inferior curved line. Two spaces are thus marked 
off on each side, one between the two curved lines and 
the other between the inferior one and the foramen mag- 
num. The former of these spaces is occupied by the 
complexus ; the latter, by the short muscles from the first 
two vertebrae. On the sides of the anterior half of the 
foramen magnum are the condyles, and above these the 
anterior condyloid foramina, for the passage of the hypo- 
glossal nerves, and behind them the inconstant posterior 
condyloid foramina for veins. The mastoid processes, 
the centres of which are in a line somewhat posterior to 
one through the middle of the condyles, present a deep 
groove on the inner side for the origin of the digastric 
muscle, and a smaller one is seen internal to the latter for 

^ Reichert and Da Bois Redmond's Archiv, 1875. 
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the occipital artery. Just on front of the digastric groove 
is the Btjlo-mastoid foraraea, which gives exit to the fa- 
cial nerve. On front of the foramen magnura, the basilar 
process runs forward, forming a central beam of support. 
Its under surface is rough, and half an inch in front of 
the foramen magnum there is a tubercle for the attach- 
ment of the top of the pharynx. On each side of the 
basilar process there is a fissure of some size between it 
and the petrous portion, and at the apex of the latter is 
the middle lacerated foramen. During life, both the fis- 
sure and foramen are filled with cartilage, and, it may be, 
with small ossifications. From the base of the pterygoid J 
process there is a groove between the great wing of thS'l 
sphenoid and the petrous portion for the Eustachian tube, I 
and behind tliat the free edge of the "tympanic plate. On | 
front of the groove are the foramen ovale and the forar- I 
men spinosum, for the third division of the fifth pair I 
of nerves and the "middle meningeal artery respectively, | 
The under aide of the petrous portion of the temporal is \ 
very important on account of its relation to the openings 
for the carotid artery, and for the jugular vein and the 
ninth, tWtb, and eleventh pairs of cranial nerves. In- 
ternal to the tympanic plate which guards its entrance ia 
the round orifice of the carotid canal. Inside the bone 
this changes its course so that the vessel emerges at a 
right angle to the direction in which it enters. Behind 
the carotid foramen ia a depression known as the jugu- 
lar fossa, which is usually not a part of the jugular fora- 
men, but lies external to it. It is usually described aa a 
smooth, thimble-shaped cavity, but there are many cases 
in which this description is quite incorrect, and 
must be very confusing to the student. There nuii ™ria- 
are two veiy different forms, and, of course, uiarforameii 
numhei'Iess Intermediate ones. The most com- 
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I : mon plan is the following, represented in Fig. 1. Out- 
I side of the condyle there is a large irregular opening, 
. which transmits the vein 
and the nervea. Its poste- 
rior border is formed by the 
occipital, which ia smooth 
for the vein, but which, to- 
wards the inner and ante- 
rior end of the foramen pre- 
sents a slight ridge, which 
cuts off a small anterior part 
for the nerves. External 
and anterior to the smooth 
part is the hollow, thimble- 
ahaped cavity (a) in the 
temporal, the upper border 
of which is much deeper 
than the surface of the skull, 
end forms the edge o£ tJie 
foramen at the inner aspect, *'S' ^^ 

BO that the cavity receives the veui after its exit. The 
front edge (c) of this is prolonged into a process, — the 
"processus infra jugularia " of Henle (d), — and from 
it to the ridge of the occipital, already mentioned, there 
runa a ligament separating the amaller anterior foramen 
for the nerves. Instead of this ligament, there is some- 
times a bridge of bone. The most opposite form (Fig. 
2) is associated with a small foramen, and it may be 
mentioned that those of the two sides are rarely equal. 
I In this form, the notch iu the occipital hone is small, and 
[ instead of this thimble-shaped cavity in the temporal, 
there ia merely a small vertical wall of bone (a), forming 
the out«r limit of the foramen, and presenting a promi- 
nent infra-jugular process (d). The foramen, in fact, ia 
I simply a slit. 
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" The difference between the 
does not result solely 

DlfferencB , , . . 

between ju- trom the qiiasi-occi- 
mlu" of the dental asymmetry of 
corresponding parts, 
but, as a rule, from peculiar j 
arrangenienta of the venous < 
channels. The difference of 
the relations ia well shown I 
vertical sectiona. Fig. 3 rep- 
resents sneli a section tlii-ough 
the head of a young subject, in 
which there is a striking dis- 
parity between the foramina. 
The cut is made rather oblique- 
ly ; on the right it is one six- 
teenth of an inch in front of the 
stylo-mastoid foramen, while 
on the left it strikes the pos- 
terior wall of the canal (F) leading to it, yet such i 





the asymmetry of the skull that, while on the right the 
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jugular foramen (a) is fully opened, tlia section on the 
left 13 juat behind its orifice, and shows the lateral 
sinus (fl') turning over the jugular eminence. To ascer- 
tain whether there is any fixed relation between the size 
of the opening, the shape of the fossa, and the size of 
the anterior and posterior condyloid foramina, tbe writer 
has examined very carefully the skulls in tlie Museum of 
the Boston Society of Natural History, and those in the 
private collection of his friend, Dr, J. Collins War- 
ren. After the rejection of some more or less mutilated 
specimens, there remained 159, ancient and modem, rep- 
resenting races from nearly all quarters of the globe. 
The first step was to study the variations in size of the 
jugular foramina of tbe two sides of the same skull. 
(The posterior or venous portion is, as already intimated, 
the important part, as influencing the size of the open- 
ing.) This foramen was larger on the right in 104 cases, 
on the left in 38, and those of the two sides were equal 
in 30. In the same 142 skulls, tbe posterior condyloid 
foramen was larger on tbe same side aa tbe larger jugular ■. 
foramen in 5S, on the other side in 37, and they were 
equal or absent in 52. In the same series, the anterior 
condyloid foramen was larger on the same side as the ju- 
gular in 16 skulls, on the other in 11, and tbe two were 
equal in 115. It should be mentioned that the differ- 
ences between the anterior condyloids were, with one or 
two exceptions, extremely slight. There does not appear 
to be any definite relation between their size and that of 

Lthe posterior condyloids. The above figures are obtained 
Y adding tc^ether the results of the examination of the 

i-two main classes: those in which the jugular foramen 
■was larger on tbe right and left respectively. In the 17 
Bkulla in which they were even, the neighboring parts, 

■ though not quite alike, presented nothing worthy of de- 
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scription. To sum up roughly, we may say that, of 159 
skulls, about two thirds hiid the jugular foramen larger 
on the right aide, about one fourth on the left, and about 
one ninth had the two equal ; further, that about two 
thirds of those having the foramina unequal, had the 
larger fossa ou the same side as the larger foramen, while 
leaa than one seventh had it on the opposite aide ; and, 
lastly, that the posterior (and in a less degree the ante- 
rior) condyloid foramen was much more frequently larger 
on the same side as the jugular foramen than on the 
other." ^ 

Professor Rudinger ^ has published some observationa 
on this point from a work which has not yet appeared, in 
reply to Professor Moos of Heidelberg, who has been in- 
clined to trace some connection between dUatation of the 
bulb of the jugular vein and psychical affections. Out of 
one hundred human skulls Riidhiger fiuda that in sixty- 
nine the right jugular foramen is the larger, the left one 
in twenty-seven, and that the two are equal in four. 
Just external to the front part of this foramen is the 
small triangular opening of a canal, the aqueductus coch- 
lete, for Jacobson'a tympanic branch of the glasso-pharyn- 
geal nerve. 

As we are more interested in the appearance which the 
Interior of int^nor of the skuU presents during life than 
Biiuii- that of the skeleton, we need discuss only some 

of the more important parts of the latter. Starting at the 
foramen magnum we have on the front of it the basilar 
process, the continuation of which forma the back of 
a small hoUow called the sella turcica, in which the 

1 TMa exiratt is from a paper by the anlhor on tha jognlar foramen 
thnt appeared iu the American Joarrtal nf the Medical Sciencea, tor October, 
1ST3. Tha three ligares Chat accompanied it hare beoD kind!; furnished 
Tor this ■work bj the publisher, Mi. Lea. 

s afonalichrijl f<ir Ohrtnhimndc. 1875, No, I. 
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pituitary body bangs. From the side of the skull oppo- 
site a point above tbe base of tlie mastoid ]iri>oeBH, there 
^ niBB forward on each aide a very proiniiifiiit ridgo, formed 
J the auperior angle of the petrous portion »t the tem- 
torat bone which Heparates the posterior from the middlu 
' fofloa. At the back of tlio roof of the orbits, and over- 
hanging the middle fossa, is the posterior border of the 
leaser wing of the sphenoid which ends as a sharp processi 
the anterior clinoid, over the side of tho sella turcica, and 
separates the middle fossa from tlie anterior. Thus there 
are three fossx;, the anterior of which is the highest, its 
floor being formed by the roof of the orbits and the inter- 
mediate cribriform plat« of tlie ethmoid. In its centre is 
the upward projection of the vertical plate of the ethmoid 
into the crista galli. The middle fo«sa is broad exter- 
nally, and narrow in the miildle of the skull, where the 
two sidoH Gominnuicate at the sella turcica. The posterior 
I for the cerebellum, medulla, and pons, is the largest 
nd deepest. The upper border of this one is marked be- 
bd by the internal occipital protuberance and the lateral 
InneeB till the' latter turn down under the edge of the pa- 
rous portion. 
The base is the weakest part. The posterior part of 
the basilar process is tolerably strong, being composed 
of pretty firm spongy substance. The sella turcicsa, aa 
well aa all the body of the sphenoid, is simply a shell in- 
closing the sphenoidal sinuses. The orbital plates, though 
thickened by elevations bounding the digital impressions, 
Lm very thin, and the sieve-like plate of the ethmoid be- 
litween them is extroraely delicate. The petrous portion 
ftglves a false idea of its strength, for in spite of y,,^ (ompo- 
itfl apparent masaiveness, and though composed "' ^''*' 
of very dense bone, it is liable to fracture, on 
-Moount of the numerous cavities it contains. In the 
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centre is the cavity of the tympanum, Fig. 4 (A), which is 
separated from the external meatua (B) merely by the 
niembranona drum-head, and which is continued aa a small 
canal, the Eustachian tube (C), to the apex of the bone. 
The middle ear is a 
chamber in the sub- 
stance of the petrous 
portion of the tempo- 
ral bone ; it is bound- 
externally by the 
t tympanum, but ex- 
tends above it, as ia 
shown in Plate IV. 
Its roof is a very thin 
plate, separating it 
from the middle fossa 
of the skid.1. This 
plate shows very 
clearly the difference 
in this respect be- 
tween the external 
meatus and the mid- 
dle ear. The latter 
opens posteriorly into 
the mastoid cells (D in Fig. 4), which are lined by 
mucous membrane, continuous, through the Eustachian 
tube, with that of the pharynx. Inflammation of the 
middle ear naturally extends to the mastoid cells, some 
of which are very large; and as these are separated from 
the cranial cavity by as thin a plate as the middle ear ia, 
we may find pus making its way to the brain. The inner 
wall of the tympanum has two openings, one into the ves- 
tibule, closed by the incus, and one into the cochlea (E), 
closed by membrane ; but these are points that are to re- 
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ceive merely mention, according to the plan of this work. 
The tympanic cavity is narrow and deep ; anteriorly it 
becomes more shallow and funnel shaped, gradually nar- 
narrowing iu fact, into the bony part of the Euataclnan 
tube. The inner ear is situated in the solid bone inter- 
nally to the middle ear. It is contained in three cavities, 
the vestibule (F) ^ with the cochlea in front and the semi- 
circular canals (G) behind. Running from the inner sur- 
face of the bone iathe internal meatus (H), which all but 
opens into the vestibule and cochlea. Fig. 4 shows more 
plainly than words can tell how little there is wanting to 
form a canal directly through the temporal bone. The 
bone is further weakened by the carotid canal (I) that 
runs up through the front part of the petrous portion 
beside the cochlea and behind the beginning of the Eu- 
stachian tube ; it turns forward in the bone, and then runs 
parallel to the tube on its inner side. In Plate IV. these 
relations are shown on both sides; on the left we have the 
vertical part of the artery, and on the right the horizon- 
tal. The internal meatus contains the facial and auditory 
nerves ; the latter lying below, entei-s the bone through 
several small openings and is distributed to the middle 
ear, but the facial enters a canal known as the aqueduct 
of Faliopius, which at first runs inward above the vesti- 
bule and then turns suddenly backward, and at the same 
time downward, to open at the stylo-maatoid foramen. 
This part of its course is seen in Plate V, at 10. At the 
point where it suddenly changes its course, the nerve has 

' The letter F is ou Erout of the veetibalc, which is the dark spot beliind 
the cochlea. The section has stiiick the feneBtm rolundn, the edge« of 
which are Bomewhat broken, and thus the figure shows the vcgtibnle ap- 
parently continuous with Iho cavity of tho tympaaum. The letter G lias 
■ections of the semicircular cnniJs on its inner aide and behind it. 1'he 
descending portion of the aqueduct of Faliopius is between G and the 
tympanic cavity. 
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a awellmg called the geniculate ganglion, and tibres run 
from it through the hiatus Fallopii into the cavity of the 
cranium, and thence through the middle lacerated foramen 
and the Vidian canal to the spheno-palatine ganglion ; this 
bunch of fibres is the superficial [jetrosal nerve. The 
geniculate ganglion is ako joined by Jacobson's branch 
of the gloaso-pharyngeal and filaments of the sympathetic. 
Shortly before reaching the stylo-mastoid foramen, the 
facial givea off the very remarkable chorda tympani that 
enters almost at once the back of the tympanic cavity, 
and passes through it, inclosed in a sheath of mucous 
membiane, to escape by the inner end of the fissure of 
Glaser. It joins the gustatory near the head of the 
jaw. The nerves as they enter the internal meatus are 
surrounded with a sheath, inclosmg cerebro-spinal fluid, 
■which, escaping by the ear, indicates a fracture of the base. 
It is of coui'se a most serious symptom, but it must be re- 
membered that if the membrane of the tympanum be 
Encnne o( Tuptured there ia but very little destruction of 
br'd'f"' t'oue required to afford a passage to the open 
ear as ■ air to tlie fluid in the internal meatus. In cer- 
tain exceedingly exceptional cases, therefore, 
tliia symptom may occur without fatal result. Bleeding 
from the ear, after a fall, If accompanied with unconscious- 
ness, is also serious, but less so tlian the appearance of a 
serous fluid ; for the middle and outer ear are supplied bj 
several small arteries, the chief being the tympanic from 
the facial, which may be ruptured without severe injury. 
The middle fossa haa several openings for nerves be- 
side the sphenoidal fissure which opens into the orbit 
under the lesser wing of the sphenoid. Just outside of 
the end of this lesser wing, the posterior border of the 
horizontal plate of the frontal continues the ridges to the 
side of the skull against the greater wing of the sphenoid, 
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and owing to the prismatic ahape of the latter at the 
junction of its temporal and orbital border, the outer part 
of this ritlge, and especially the greater wing gtrenKthen- 
under it, is a firm support. The vault of the '"S "^ff^ 
skull is strengthened by two median antero-posterior 
ridges at the two ends of the superior longitudinal sinus. 
The anterior arises at the base of the forehead, jast on 
front of the foramen ca:cum at which the sinus begins, and 
is lost two or three inches higher. It corresponds to the 
back of the septum between the frontal sinuses. The 
posterior riilge begins at the apex of the occipital bone 
and becomes thicker and stronger till it reaches the in- 
temal occipital protuberance, where the skull is often 
an inch thick. The ridge then gradually subsides to the 
border of the foramen magnum. Between these two 
ridges, especially at the line of union of the parietals, the 
I BmuB is a groove that diminishes the thickness of the 
; but there is a compensation by a thickening at the 
wo edges of the groove. In the occipital region thei-e la 
also a thickening corresponding to the superior curved 
line and the beginning of the lateral sinuses running out 
from each side of the occipital protuberance. The front 
part of the skull is further strengthened by the common 
anterior ends of the temporal lines that run down into 
the external angidar process of the frontal. The zygoma 
may also give some support, but its chief value is for the 
face. By holding a bisected skull to the light 
it is easy to see the parts where the vault is of cenain 
thinnest. The most marked place is at the side 
of the middle fossa which is formed by the squaraoua 
part of the temporal and the posterior portion of the 
jat wing of the sphenoid. The part of the anterior 
IL that corresponds to the temporal re^on is also very 
, and still thinner are the two layers of bone that 
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forai the walls of the froutal ainus. In tlie posterior fossa 
the parts of the occipital tbat look downward are very 
translucent except where the ridges occur. In the pa- 
rietal region the skull is everywhere thicker than at the 
places just mentioned ; but it is interesting to notice that 
the thinnest parts in the adult were the thickest in the 
infant; namely, the parietal protuberances. It should be 
noticed that the thinnest portions are where the wall is 
double, as at the frontal sinuses, or where it is covered by 
muselc. The vault of the cranium is elastic and very 
strong. The result of its construction is such as to favor 
the dispersion of force from blows ; but when the force is 
sufficient to break, it is found tliat though the base may 
be most extensively injured, there is always a fracture at 
the point struck. Thus the theory of fractures by oon- 
Buiures bo trecoup is no longer accepted. It is uistructive 
M"»s"unport ^° notice that the bouea are interlocked at the 
whiia"'^\a- sutures in a way to oppose the driving in or 
rote. tearing off of any bone by force acting in a single 

direction. The sagittal suture is formed by prominent 
serrations of the same character on both sides ; but in the 
coronal the frontal slightly overlaps the parietals above 
and is decidedly overlapped by them below. Little can 
be said about the lambdoidal, as it is rather variable and 
frequently contains Wormian bones. The squamous jior- 
tion of the temporal simply lies upon the lower border 
of the parietal, but at the suture between the mastoid 
portion and the parietal the latter is superficial and the 
boues are firmly interwoven. The bone is made still 
more secure by the way in which at the zygoma the tem- 
poral lies on the malar, which at the side of the face lies 
in turn on the maxillary. This arrangement is of course of 
use only while the sutures are open. 

The time of the closure of the sutures ia very variable, 
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and it would be very unsafe to pronounce on the age of a 
skull from this point alone. Perhaps the process most fre- 
quently begins at from forty to forty-five. As a rule the 
process begins in the sagittal suture. According to Sau- 
vage ^ the closure of the coronal suture begins in the mid- 
dle and is more perfect on the right side than on the left, 
while in the lambdoidal it begins at the right end and 
travels along the suture. 

^Bulletin de la Sociit€de I'Antkropologie, Paris, June and July, 1870. 
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CHAPTER II. 

THE BRADJ. 

It is no part of the plan of tbis work to attempt a 
detailed, much less a minute, description of the brain, 
„ but to couaiiler merely its eeneral construction 
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of our ig- in a way that it is hoped will give as simple an 
idea of the plan as its complexity admits of. 
Indeed, ■p'hen we appreciate our absolute ignorance of the 
principle on which the brain exercises ita functions, it 
seems that, except perhaps for such as intend to devote 
themselves to solving the problem, a minute knowledge of 
the arrangement of the fibres is just as profitless as one 
of the muscular fibres of the heart would have been be- 
fore the discovery of the circulation. It may, for In- 
stance, some day be shown that the size and arrangement 
of the convolutions of the surface of the hemispheres no 
more affect function than the relative proportions of the 
lobes of the liver do that of that organ. The problem 
is hopelessly complicated by the fact that the braio is 
not only an organ for the development of nervous force 
and for the reception of sensory impressions, but is also 
apparently the organ through ■which the mind acta. 
Though it is probable that cceteria paribus a large brain 
accompanies more mental power than a small one, the 
tables compiled by Wagner, and other statistics, show 
that the brains of many distinguished men were com- 
paratively light, and those of many low and obscure ones 
very heavy. Wo are also ignorant to how great an ex- 
tent the size of the brain may depend upon that of the 
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body. The average weight of the brain of the male is 
from forty-nine to fifty ounces, and that of the . 
female forty-four. 

The brain may be Bubdivided as follows : into the me- 
dulla oblongata; the cerebellum, including the pona 
Varolii, and the cerebrum ; the latter may be subdivided 
into the deep central part around the aqueduct of Silviua 
and the third ventricle, and into the hemisplierea that 
cover over all the rest. This latter division is founded 
on the development ; but there are weak places in all 
systems of classification of the parts of the brain as of 
everything else. 

The medulla is the continuation of the spinal cord. 
It becomes broader, is inclined forward as it lies Medulla 
on the basilar portion of the occipital bone, and «''i''nsttta. 
the columns of the cord become modified. The anterior 
central fissure becomes more and more shallow, but is con- 
F -tinned up to the border of the pons. On each aide of it 
I .'8re the anterior pyramids, and external to these the egg- 
1 abaped olivary bodies. Farther back are the restiform 
I bodies that run into the cerebellum, forming its inferior 
I peduncles and bounding laterally the cavity of the fourth 
Iventricle, which lies between the medulla on front and be- 
low, and the cerebellum behind and above. (See Plate 
""YI.) Two small ridges, the posterior pyramids, appear 
in the medulla internal to the restiform bodies, and di- 
verging from one another, lie on the floor, as it is called, 
of the fourth ventricle. At the point of their divergence, 
L.on the middle fine, is the opening o£ the central canal 
pof the spinal cord. 

The cerebellum, which Uea above and behind the fourth 
rentricle, consists of gray matter externally and 
bigrhite internally. Above, its surface is smooth, 
■nfcut higher in the middle than on the sides, corresponding 
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with the tentorium ; below, there is a central lobe in aval- ' 
ley formed by the projection of the lateral masses. Each 1 
of the lateral lobes is divided into an upper and a lower I 
portion by a horizontal fissure visible behind and at the 
sides. The cerebellum ia subdivided into many lobes ; 
but I shall merely mention two prominent ones over- 
hanging the fourth ventricle, called the tonsila, and two 
smaller ones, the fiocculi, which project outside of the me- 
dulla close to the pons, and close to the apparent origin of 
the pneumogastric between tlie restiform and olivary 
bodies. The cerebellum has three pairs of so-called pe- 
duncles, consisting of groups of white fibres; the inferior 
ones connect it with the medulla, the middle ones go 
to form part of the pons, and a great part of their fibres 
form a commissure through the pons between the two 
halves of the cerebellum. The superior peduncles run 
from under the upper surface of the cerebellum to two 
pairs of round bodies, the corpora quadrigemina, which are 
under cover of the lobes of the bi-ain. These peduncles 
are not in contact, but are joined by a thin layer of nerv- ^ 
oua tissue called the valve of Vienaaens, and with thia-l 
they complete the roof of the fourth ventricle. 

This cavity may now be more fully described, as fol- ] 
roorih '*^™^ ■ '* ^^ bounded below and on front by the 
rentricle. medulla and the reverse of the pons which con- i 
stitute its floor ; above and behind by the cerebellum ; and 
more anteriorly by the valve of Vieussena and the supe- 
rior peduncles ; on the side by the restiform bodies, part 
of the pons, and by the lateral lobes of the cerebellum. 
The side is not closed by nervous matter but completed 
by membrane, which leaves, however, a small opening to 
allow the fluid in the sub-arachnoid space to flow into the 
ventricles. The fourth ventricle is continuous below with 
the canal of the spinal cord, and above by a narrow pas- 
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sage, the aqueduct of Silviua, which runs above part of 
the pons and under the corpora quadrigemina, with the 
third ventricle. Owing to its surface being filled with 
nomerons deep fisBures with secondary ones opening into 
them, the cerebellum on section gives the appearance 
known as the arbor vitas. In each lateral lobe, at about 
the middle, is a curiously folded little layer of gray matter 
known as the nucleus dentatus. The pons, though white 
externally, contains collections of gray matter, and though 
the superficial fibres appear entirely transverse it is pierced 
by many from the medulla going through It to the brain, 
The parts juat described fill the posterior fossa of the 
ekuU and are covered in by the tentorium. 

Diverging from the anterior border of the pons are 
two white masses of fibres, the crura cerebri, that p^^ ^j ^j^ 
are seen on the base of the bi-ain till they plunge *"■"'''■ 
into its substance. Each of these is crossed by a small 
white band, the optic tract, which appear under the tem- 
poral lobe, and meeting its fellow forms the optic com- 
misHure from which the optic nerves proper diverge. This 
commissure is situated on the olivary eminence just in 
front of the sella turcica, and consequently the diamond 
shaped space, inclosed by the crura and optic tracta, ia 
above the cavity of the sella. It is shut off from it by a 
fold of dura mater, which ia perforated by a small hole 
which allows the passage of the tube-like infundibulum 
on which hangs the pituitary body. Behind this are two 
white balk, the corpora albicantia, and behind them in 
the angle between the crura, the posterior perforated 
space. In this angle, also, appear the third pair of nerves, 
and the fourth winds round the beginning of the crus. 
On each side of this space are the temporal lobes of the 
brain that fill the middle fossa of the skull. 

On the floor of the anterior fossa we have first the 
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optic commissure, above which is seen the antGrior fls* 
Bure separating the frontal lobes. Lying in the groove 
over the cribriform plate is the olfactory bulb sending 
the minute nerves through the foramina. The divei^- 
ing roots, outer and inner, of this olfactory tract inclose 
the anterior perforated space, through which pass nu- 
merous arteries to the corpora striata. Just outside of 
this, on the outer and posterior part of the anterior fossa, 
lies the celebrated third frontal convolution, in the left J 
one of which the faculty of speech has been said to 1 
situated. 

The remainder of the surface of the brain consists at 
gray matter thrown into convolutions. It is divided in 
the median line by the fissure which contains the falx; at 
the bottom of this is the corpus callosara, a thick layer of 
white fibres running transversely and uniting the two 
hemispheres. Its length is not equal to half that of the - 
brain, as its posterior end barely covers the corpora quadfa 
rigemina, and anteriorly when opposite the front of thf 
temporal lobes it curves down and back to end above i 
optic commissures. 

The hemispheres are usually divided into five lobes sj 
FiBanrea ^^^ fi'ontal, parietal, occipital, tempoml, and t 
«id lobes, igiaucl of Reil. The following are the moral 
important fissures : that of Silvius, of Kolaudo, and th«l 
parieto-oecipital of Ecker. The fissure of Silvius starts 
below, external to the optic comraiBsures, and runs out-l 
ward, upward, and backward so as to mark ofE the temp 
ral lobe. On the outside of the brain it divides into twttS 
branches, the chief one of which continues in the connel 
of the original fissure ; the anterior, which is much shorter* J 
runs upward into the frontal lobe. The fissure of So-M 
lando runs downward and forward on the outside of the J 
brain, from about the middle of the longitudinal fissure tO'l 
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tral " convolutions that bound it are connected both above 
and below. The parie to-occipital fissure ia a very deep 
cat on the median surface of the brain, which begins at 
the upper border far back and runs downwiird and for- 
ward underneath the posterior end of the corpus callosum. 
On the upper and outer surface of the brain it is very 
slight. The lobes can now be easily understood. All 
in front of the fissure of Rolando ia frontal, the part be- 
hind this, on front of the parie to-occipital fissure aud for 
the moat part above the fissure of Silviua, is the parietal. 
The occipital lobe is clearly bounded internally by the 
parieto-occipital fissure, and quite arbitrarily below and 
outside by an imaginary line in the plane of the fissure. 
All on front of this and below the Silviau fissure is the 
temporal lobe. The island of Reil is between the two 
branches of the fissure of Silvius, and is seen from below 
when the temporal lobe is turned back. Above it, inaide 
of the brain, is the corpus striatum. 

Turning now to the inside of the brain, it is beat to go 
back to the aqueduct of Silvius, or, as it is better f„,;^g „[ 
to call it, the passage from the fourth to the '"''""■ 
third ventricle. This is a small canal running above the 
pons and under the corpora quadrigemina to expand into 
the third ventricle, which ia a cleft between two masses 
of gray matter, the optic thalarai ; it descends to the base 
of the brain, and the canal of the inf undibulum, from which 
hangs the pituitary body, ia its deepest part ; hence we 
know that it is above the middle of the diamond space, 
between the crura cerebri and the optic tracts, and just 
above the sella turcica. Above, of course, is the corpus 
callosum, but just under this there is a layer of white 
matter, the fibres of which run antero-posteriorly, which 
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is called the fornix. The part that forma the roof of the 
thii-d ventricle is triangular, the iipex heing in front, and 
at thia apex it splits into two parallel bands, the anterior 
crura, which, keepbig close together, turn downward 
from under the corpus callosum and thus bound the third 
ventricle anteriorly. They appear at the base of the , 
brain as the corpora alhicantia. Just as these crura tui 
down fi'om under the corpus calloaum there ia left a s- 
opening on each side o£ the middle line between thsy 
crura internally and the optic tbalami externitlly, whioht 
together with the upper part of the ventricle, give th«| 
Forameaof app^arance of a Y placed transversely, and some" 
"'"'"'■ times each lateral opening, aomi;times the wholA 
Y ia called the foramen of Monro. This affords com—l 
munication between the third ventricles and the two sym- 
metrical lateral ones. The optic thalami that form the 
walls of the third ventricle appear by their outer surfaces, 
which are covered by gray matter in the inner wall < 
the lateral ventricles ; on front and external to the optii 
thalami are two gray masses that present on section i 
striped appearance, and hence are called corpora striatit.1 
Both these ganghonic masses appear in the body of thai 
latenil ventricle. These cavities, moreover, present thre 
continuations or horns. The anterior, which runs forwai 
and outward, and the posterior backward and inward, i 
both be looked upon as cavities dug out in the substance 
of the ventricles, but the middle or descending corna,J 
which pursues a spiral descent, at first backward and out-^J 
ward, then forward and inward to the end of the temporal I 
lobe, is of a different formation, aa it may be openediB 
simply by separating the convolutions without cuttingij 
the brain. The posterior crura of the fornix which nuhf 
off from it at the back of the third ventricle, where it ii.-l 
intimately connected with the corpus calloaum, run down-J 
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the descending comua as white bands, under the name of 
the corpora fimbriata. It will be remembered that the 
anterior crura of the fornix turned suddenly down on 
front of the third ventricle from under the corpus callo- 
sum, and thus there is left a space between these struct- 
ures through which the bodies of the lateral ventricles 
would communicate were it not for two very thin layers 
of nervous tissue interposed between them. These two 
layers constitute the septum lucidum ; they are usually 
in apposition, but they may be slightly separated by a 
few drops of fluid. The space between them is absurdly 
named the fifth ventricle. The transverse fissure of the 
brain will be considered with the pia mater. All the 
true ventricles commimicate with one another. The two 

« 

laterals with the third by the foramen of Monro, the 
third with the fourth by the aqueduct of Silvius, the 
fourth with the central canal of the spinal cord and with 
the sub-arachnoid space. 
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CHAPTER in. 

THE MEMBRANES OF THE BEAIN. 

These are tliree in number : the pia mater, which ia 
closely adherent to the brain, the dura mater, which Unea , 
the skull and sends folds in between certain parts of the | 
brain, and the arachnoid which ia a single layer of deli- 
cate connective tissue between them. It is con- 
Arachnoid. . 1 .1 1 1 !• TITI -1 I 

vement to describe the last lirst. While the 
name, indicating a resemblance to a spider's web, ia very 
happy, the conception which has prevailed till within a 
few years, that it is a serous membrane forming a closed 
sac, is utterly false. It is a net lying over the convolu- 
tions, sending occasional prolongations to the pia mater, 
loosely surrounding the nerves, and dividing into two 
the space between the skull and the brain. The outer of 
these is the sub-dural apace ; the inner the sub-arachnoid. 
The arachnoid pasaea over the spaces between the con- 
volutions, tliuB leaving a apace between it and the pia 
which follows them, and in some places this space which 
contains the cerebro-spiual Euid ia considerable. The 
largest cavity of this kind is under the middle of the base 
of the brain about the inter-peduncular space. There 
are also smaller ones of this nature, on the sides of the 
medulla, and there is another in the superior longitudinal 
fissure suri'ounding the anterior cerebral arteries that lie 
on the corpus callosum. 

The pia mater is a layer of connective tissue that holds 
together vast numbers of small arteries and 
veins that carry on the circulation of the brain. 
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By means of the TeBsels that enter the organ, the mem- 
brane ailherea closely to it, following it in all ite folds. It 
also sends off certain layers that enter the br^in and bear 
the choroid plexuses. The pia mater, aa already stated, 
completes the walls of the fourth ventricle, which ia open 
at the sides, leaving, however, a small opening by which 
the ventricvdar cavity communicates with the siib-arach- 
noid space. On each side also the pia mater sends in a, 
prolongation, forming the choroid plexus of the fourth 
ventricle. If the cerebellum is allowed to fall downward, 
the brain being otherwise in a normal position, a large 
transverse fissure ia seen just above the corpora quadri- 
gemina and under the corpus calloaum, to which, at this 
point, the fornix is united. The pia mater from the top 
of the cerebellum, aa well as that from the under side of 
the posterior part o£ the hemispheres, runs into this in a 
fold which soon, however, becomes a single layer which, 
lying under the fornix, covers the third ventricle. This 
is called the velum interpositum. It extends Vtim,, iater- 
laterally from under the fornix into the lateral £l|j"chSroid 
ventricles, and by unwinding the temporal lobe ?'""**»■ 
it ia seen to be continuous in the descending horn with 
the pia of the surface. Along the outer margin of the 
fold in this horn, lies the choroid plexus of the lateral 
ventricles, which, following the course of the horn, reaches 
the body of the ventricle and meets its fellow by passing 
througli the foramen of Monro. Although the velum 
interpositimi extends from the third into the lateral 
ventricles, it must not be thought that they communicate 
except by the foramen. This layer, on the contrary, fills 
np what would be a slit, and each ventricle has its own 
lining. Two minute coils of vessels on the under aide 
of the velum interpositum form the choroid plexuses of 
the third ventricle. The pia mater is continued along 
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the nerreB, and becomes the neurilemma. Its relatioDs 
to the arteries are peculiar and important. The fibrous 
elements are more strongly developed, and form canals, in 
the middle of which these vessela run into the brain. By 
injecting from the sub-arachnoid space, theae tubes can be 
demonstrated, and the fluid has been known to appear in 
the minute cavities held to be lymph spaces, in which the 
nerve-cells lie,^ The pia mater contains lymphatics, but 
their relations are not clearly underetood. The sub- 
arachnoid space might be held to have practically the 
same relation to the lymph vessels as the peritoneum or 
plem'a, if the spaces around the cerebral vessels are really 
lymphatic canals. 

The inside of a fresh skull is strikingly different from 

„ that of the dry bonea. It ia lined by the dura 

Dura maler. ■' -' 

mater, a firm, fibrous membrane that apparently 

takes the place of internal periosteum, and which by 
means of curtain-like folds serves to support, to protect, 
and perhaps I may say to suspend the brain. It consists 
V of two layers, which in most places are inseparable, but 
which divei^e to form canals known as sinuses for the 
venous blood. It is firmly adherent to the base and but 
loosely to the vault, except in old age, or when there has 
been chronic congestion, as is usually the cases in the 
heads of topers. The free surface is covered with a pave- 
ment of epitheliuni. It is pierced by openings for the pas- 
sage of nerves and for the carotid and vei-tebral arteries, 
but is otherwise closed, for the veins open into the sinuses 
in its thickness, and the sinuses at the base are completely 
hidden by the internal layer. Several of the nerves run 
some distance under it, or in its sinuses after piercing it, 

1 WagBtaffe in St. Thomas Hoapital ReporCa, 1872. Obersteiner, £e- 
richle der Acad, der Wissemrliqften ni WUn, Jannary, 1870. Eiedel, AriAiv 
fa- MlhraskopiscU Anatomie, Bd. XI. Hoft ii. 1875. ~ 
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before leaving the skull. To remove the braiu entire, it 
is unfortunately necessary to divide the tentorium (Plate 

V. 28, and Plate VI. 20), and it is to be feared that a true 

idea of its relations is frequently never obtained. It ia 

a transverse fold, including iu its attachment the 

. , ' ° Tontorium. 

horizontal portion of the transverse sinna and 

the superior petrosal one which runs in the upper angle 
of the temporal bone. It forms a partition between the 
posterior lobes and the cerebellum, and leaves an oval 
opening for the narrow part of tlie brain juat above the 
pons to pass through. After leaving the apes of the 
temporal bone it ia continued forward as a fold on each 
side of the sella turcica, outside of the posterior and in- 
side of the anterior dinoid proceasea to meet its fellow on 
front of the olivary eminence. It is to be noted that 
above the cerebellum it ia not horizontal but is very much 
raiaed in the middle like a tent. Thia fold is joined at 
right angles by another, the falx cerebri, vrhich 
is quite accurately compared to a sickle. Thia 
arisea narrow on front from the crista galli, and becom- 
ing broader passes backward in the median line between 
the two lobes of the brain, and turns down behind the 
corpus callosum to be attached to the upper surface of 
the tentorium. It contains the superior longitudinal ainua 
between the folds at its attachment to the bone along the 
top of the skull, and in its free border the inferior longita- ' 
dinal sinua which ia continued as the straight sinus (Plate 

VI. 3) in the tentorium. These sinuaea meet and give 
off the lateral sinuses at a dilatation called the torcular 
Herophili, opposite the internal occipital protuberance. 
Kiidinger was the first to question the previously uni- 
versal idea tliat the longitudinal ainus divided at the 
torcular Herophili into the two lateral ones, Accoi-d- 
ing to Riidinger the superior, longitudinal ainua runs 
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into the lai^er lateral one and the straight ainua into the 
/ TorouiBT other, thus taking the blood from tlie periphery 
"V RiidjSger'ii o^ the brain, and that from its interior, differ- 
riewH. gjjj. ^aya. It roust be remembered, however,. 
that the inferior longitudinal sinus empties into the 




Fig. e. — The Rcimnn numerals on the left uf (he diagram indicate the franial 
ncrree, each bein^ marked by its correapondiDg nnoiber. The Arabic ttgnret 
are arranged as folluws : 1. Ophtlialmic veia; 3. Spheno-parietal siniu; 3. 
Caveraoua ainoa ; 1. Circidar aiaui j 6 TrmBverse einuJi; B, Inferior petroMl 
■inus ; T. Superior pelrosal ainua; S. Lalcral sinuii 9. Occipital sinua j 10. 
Slrsight sinus openinf* into the imuller Islerol one. 
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Btnught one. He admits that there is a constant cotn- 
niunication at the torcular between the two channels. 
For several years I have examined almost every head 
that I have seen opened for this point, and though I have 
often seen Rudinger's arrangement very distinctly, I am 
inclined to doubt if it exists in more than half the cases. 
There is no question at all that one lateral sinus and 
jugular foramen, usually the right one, is larger than the 

[other, as stated on page 19. Fig. 3 represents a by no 
1 uncommon asymmetry. One or two occipital bi- 

I noses connect the torcular with the vertebral plexus under 

Itite dura mater at the upper end of the spinal canal. 

There is a small fold called the falx cerebelli, running 

I also in the median line from the posterior part of the 
ander surface of the tentorium to the foramen magnum. 
On removing the tentorium it is seen that the dura mater 
nms down like a fiumel into the spinal canal. The sella 
turcica is covered by the dura mater of the middle fossa 
BO as to be completely shut ofE, except for a small open- 
ing large enough to admit the infundibulmn, from which 
the pituitary body hangs. The latter structure, therefore, 
is in a chamber o£ ita own. On each side of it, under the 
inner fold of dura mater, is the cavernous sinus which 
actually contains the carotid artery just after its entrance 
into the skull, and some nerves. There is also a sinus 
surrounding the sella, and other small ones that can be 
seen in Fig. 5. The dura mater is supplied by ncitob of 
nerves chiefly fi-om the fifth pair ; the first is *''™ n^Wf- 
giyen off by the first division before it leaves the skull 
1 runs backward to the tentorium and the lateral sinus ; 
b lies close against the fourth pair, from which it has 

pt>e6n said to arise. According to Riidinger, it raceivea 
mpathetic fibres. The branch from the second division 

Kof the fifth is of little consequence except when it takes 
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the place of that from the third. It ia given off in the 
skull and goes to the middle fossa. The branch from 
the third division arises outside of the skull, but reenters 
V it through the foramen apinoaum, and follows the general 
distribution of the middle meningeal artery. Tliere is 
also a recurrent branch of the pneumogLiatrie from the 
jugular ganglion, which is diatiibuted in the lateral part I 
of the posterior fossa. Dr. W. ,T. Alexander,^ who has I 
studied the nerves of the dunv with the microacope, finds J 
that they may be divided into two sets : those that follow i 
^ the vessels and end in their walls, and othera that form a 
network in the substance of the membrane, 

The relations of the cranial nerves are as follows : First I 
Cranial Pair. The olfactory bulba lie over the cribri- i 
aervcB. form plate on each side of the crista galli, in a 
deep fossa, and each filament has its own Httle opening. 
Second Pair. The optic commissure lies on the oUvary 
eminence, and from it diverge the optic nerves to j 
out through the optic foramina above and internal to the I 
ophthalmic arteries. They cany with them a prolong*- j 
tion of the dura iu the form of a sheath. 

The question of the decussation of the fibres in the chi- I 
aama is of some practical interest to the ophthal- I 
of fibres in mologist. It was formerly believed that some ( 
fibres from each optic tract crossed over to the j 
opposite eye, while other more external ones kept to their I 
original side ; also, that there were commisaurea of fibres I 
between the two tracts at the hack of the chiasma, and I 
corresponding ones between the retinte on front of it. | 
This arrangement waa expressed by a charmingly sym- 
metrical diagram made as follows ; Draw an X, the 
branches of which cross at a right angle, and draw a few 
enrved lines along each side. Fifteen years ago, Bie 
decki demonstrated, aa he supposed, total decussation ; and ' 
^Ardiiefib- Mikroskapiidit Analomit.'Qi. XI. Baft H. 
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nine or ten yeara later other observera came to similar 
results. The latest luid perhaps most conviacing observ- 
ations by Grudden ' show that in man, and in animals 
that have a conuaon field of vision for both eyes, there is 
a partial decussation, and a complete one for those ani- 
mals witli Tvhom the two eyes have separate fields. .The i 
anterior commisaure between the retinas has been done 
away with, and it has been shown that the fibres of the ,' 
posterior one are separated from the chiasma by a layer 
of gray matter,^ 

The third pair appears at the base of the brain be- 
tween the crura cerebri, and having passed over the optic 
tracts pierces the dura mater beside the sella turcica, and 
thus gets inside of the cavernous sinus. It is fairly in- 
L Kde of the sinus laying above the artery, while the 
I other nerves are in the outer wall of the sinus. (Plate 
III. 14.) 

The fourth pair appears between the outer side of the 
peduncle and pons, and runs along the margin of the ten- 
torium, which it pierces opposite the sella turcica by a 
Tery small opening ; it runs along the outer part of the 
cavemouB sinus. (Plate III, 16.) 

The fifth pair arises by two roots, the larger sensory 
and the smaller motor, which reach the surface by pierc- 
ing the pons. They run along its sides, as seen in Plate 
I IV. 9, and pass through a single hole in the dura of the 
f posterior fossa some half an inch from the posterior 
[-Clinoid process. It immediately afterwards enlarges 
E into the Gasserian ganglion, which lies on the apex of the 
[; petrous portion, and divides into its three terminal 
F'branches ; the second and third pass almost directly from 

1 Ardrnjur Ophllialmolngie, Bd. XX. Heft ii. 

' For Bn admirable account and discuBsioti of thia anbject, consult Dr. O. 
L P. Wadsworth's Reports on Ophthalmology, in the Boiloa Medical and 
mSurgiaJ Joariud, vol. xc. p. 4S1, uid toI. xcii, p. 52B. 
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the ganglion out by the foramiin rotundum and ovale 
respectivuly, wliile the first riiiia in the outer wall of the 
cavernous sinus. (Plate III. 17.) 

The sixth pair appaare at the back of the pona, be- 
tween the anterior pyramid and the olivary body, and ruiiB 
along the basilar portion of the posterior fossa. (Plats 

IV. 10.) It goes through a small oirening in the same 
antero-posterior plane as the last nerve, but more cen- 
trally placed, and then it runs near the outer wall of the 
cavernous sinus. (Plate III. 15.) 

The eeventh and eighth pairs appear side by side, be- 
tween the olivary and restiform bodies, behind the poD», 
The former is the more internal. They pass through the 
dura mater together, the facial being above, by an opening 
corresponding to the internal auditory meatus. (Plata 

V. 9.) 
The ninth, tenth, and eleventh nerves, namely, the glosso 

pharyngeal, pnenmogaatrio, and spinal accessory, find exit 
through the anterior part of the jugular foramen (Plate 
y. 11), and it may be mentioned that as the lateral siuut \ 
is under the dura mater, the opening for the nerves is the 
only one visible when the membrane is in place. At this ( 
exit they are in regular order, from before backward, the i 
I fii-st or glosso-pharyngeal being separated from the others i 

■^^^ by a membranous partition. The ninth and tenth appear i 
^^^^L in the medulla oblongata, between the olivary and the I 
^^^H restiform bodies ; the eleventh, or spinal accessory, cornea J 
^^^^1 from the lateral column of the oord, and enters the skull I 
^F through the foramen magnum. (Plate VI. 11.) 

■ The Uvelfth pair, or hypogloasns, arises between the an- 

I terior pyramid and the olivary body, and puBses in two 

I bundles on each side through openings in the dura ladr- 

I ter corresptmding to the anterior condyloid foramina. 

I (Plate V. 13.) It occasionally happens that the fora- 

I men in the bone is also subdivided. 



THE SKELETON OF THE FACE. 



CHAPTER IV. 

THE SKELETON OP THE PACE, 

The parts of the face will be considered, with the 
vanous cavities and regions they assist in forming, so 
that a general sketch is all that is necessary here. The 
prime object of the face is to form the jaws, but it also 
has chambers for the organs of sight and smell. The 
upper jaw is formed by two symmetiical bones that are 
I strong only in the parts that support the teeth, and in 

the fixint of the hard palate. Between them is the nasal 
cavity, subdivided by a median partition, and above each, 
the orbit of the corresponding side. They are hollow, 
containing cavities opening into the nasal chambers, 
They are supported behind by the pterygoid processes of 
the sphenoid, the palatal bones being interposed, and they 
receive firm support by the malar bones that form the 
front of the outer wall of the orbit, and run into the 
zygoma. The amount of injury that the face may suffer 
from violence or surgical interference without loss of life, 
is very remarkable. The lower jaw is formed of two 
symmetrical bones that unite early into one, and it is 
attached to the akuU solely by ligaments and muscles. 
I The head fits into the glenoid cavity at the origin of the 

B zygoma just on front of the auditory meatus. The 

■ eoronoid fossa for the attachment of the temporal muscle 

I is under cover of the zygoma. The angle of the jaw, on 

I the average about 110°, is subject to considera- 

I ble variations, and is much more obtuse in 

I childhood, when the jaw contains but few teeth, and in 
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old age, when many are gone, than in tlie prima of life. 
Tbia is a point of considerable surgical aignificam 
the square jaw covers the important parts behind it much 
more than the obtuse one, 

The lower jaw is a very firm bone, although the hori- 
zontal part is weakened by the canal for the artery and j 
nerve that runs through it. It is considerably thickened , 
to give room for the sockets of the teeth. This thicken- 
ing projects inside and overhangs the mylo-hyoid ridge. 
In the middle line it ia very thick by the presence of ] 
tubercles on the inside, as well as by its projection foiv ' 
ward. The anterior border of the ascending ramus i 
continued down across the jaw, as a ridge which must 
greatly strengthen it. Tlie three foramina for the ter- 
minations of the respective divisions of the fifth pair of 
nerves are nearly in a vertical line, but the mental and 
sometimes the infra-orbital are found farther out than 
the supra-orbital. 
A side view of the akuU, attached to the vertebral. ] 

column, shows a space bounded behind by thfr 1 
hindihe latter, above by the base of the skull, to wit, i 

by the basilar process and the petrous portions, j 
on the sides by the vertical portions of the lower jaw, ] 
and on front by the face. The middle of this, i. e., the | 
part under the basilar process, is occupied by the pharynx, 
which is a muscular bag lined with mucous membrane i 
and opening on the front into the nose and mouth, and 1 
below into the gullet and wind-pipe. On each side (rf 
this internal to the styloid process is a space occupied by 
the internal carotid artery, the internal jugular vein, and 
the nerves issuing from the base of the skull. Outside of 
this, behind the ramus of the jaw, is the parotid region 
occupied by the gland of that name. The cavity on the 
aide above the zygoma is the temporal fossa, and that 
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below it the zygomatic. On tlie skull these are large 
Bpaces, but in life quite filled by soft parts, chiefly by 
muscles. The zygomatic fossa has at its depths the outer 
plate of the pterygoid process, and between this and the 
upper jaw is the vertical pterygo- maxillary fissure. An- 
other nearly horizontal fissure, the apheoo-maxiUary 
which opens into the outer side of t)ie orbit, strikes the 
upper end of the former fissure at an angie. In removing 
the upper jaw the bone must be cut through into this fis- 
sure. Just inside of the point of junction of the pterygo- 
maxillary and the spheno-m axillary fissure, and therefore 
just in front of the base of the pterygoid processes, and 
behind and before the orbit, is a small cavity 
known as the spheno-masillary foaaa. This is maxLUary 
^thought very difficult to understand, but it need 

lot be so. Introduce a probe from the zygomatic fossa 
blto the orbit through the spheno-masillary fissure, carry 
t inward to its inner end, and it will pass through the 
In it lies Meckel's ganghon, and the foramen 
nindum opens into it from the middle fossa of the skull 
ransmitting the second division of the fifth pair of 
On its inner side is a round opening, the 
jalatine foramen, in the skeleton, which in life 
i&t transmits a nerve from the ganglion to the nasal 
Below the fossa runs down like a funnel into the 
DSterior palatine canal, which passes tlirough the back 
i outer angles of the hard palate. Behind, below the 
Dramen ovale is the Vidian canal, through the root of 
i pterygoid process. I merely mention for coraplete- 
1 the utterly unimportant ptery go-palatine foramen. 

1 hyoid bone is really a part of the face, though 
Eilly described with the neck. Its chief pur- 
a is to give origin to muscles forming a part 
e tongue, and to give it a firm but movable base of 
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support; it is suspended by the stylo-hyoid ligaments 
running from the styloid processes to its lesser horns, and 
by various muscles. Though freely movable, it must be 
remembered that, while certain muscles hold it in place, 
it may serve practically as a point of departure for the 
action of others. When the head is in the usual posi- 
tion it is a finger breadth below the level of the jaw, 
and its body is about four fingers' breadths behind the 
symphysis ; but when the head is thrown back this dis- 
tance may be increased by the breadth of another finger. 
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CHAPTER V. 

THE SUPERFICIAL PARTS OF THE HEAD AND FACE, 

The bairy scalp, though continuous with the skin, dif- 
fers from it in important respects. It descends for a vary- 
ing distance on the forehead, and upon this, far more than 
on the bony outline, depends the apparent length or short- 
ness of the face. The subcutaneous tissue under the 
scalp is closely adherent to it as well as to tlie aponenro- 
sb below, and is subdivided into small chambers, contain- 
ing more or less fat, by numerous fibrous partitions. It 
adhei'es to the walls of the vessels that ramify in it, thus 
opposing the tendency which they would otherwise have, 
to fall together when cut or ruptured, and tlie partitions 
just mentioned favor the formation of circumscribed 
effusions. This subcutaneous layer loses these character- 
istics as it leaves the top of the head. They exist in the 
frontal region, but are not so sti'ongly marked. In the 
face, directly under the skin, there is a considerable layer 
of fat, which disappears in the skin over the nose and in 
the eyelids proper. There is no distinct fascia about the 
face except the masseteric over the masseter, and that un- 
der the chin. Other points concerning the integument 
of the face will be discussed in more detail with that re- 
gion. At the back of the bead the skin leaves the skull 
opposite the superior occipital ridge to pass down over the 
muscles o£ the neck. The scalp and subcutaneous tissue 
change iuto ordinary underlying tissue on the side of the 
head above and around the insertion of the ear. On the 
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top of the bead, under these two layers, is a distinct apo- 
Occipito- neurosis, commonly called the tendon of the 
Iromaiis. occipito-frontalis. These rauacles, however, have 
no kind of relation to one another except that of heing 
inserted into the two ends of this fasciii. The former 
arises from the superior occipital ridge; the latter has 
but slight bony attachments and joins the muscles of the 
face. It should be clafiaed among the muscles of expres- 
sion, and, like them, is supplied by the facial nerve. The 
aponeiu'oaia becomes thinner at the side of the head, and, 
passing down over the zygoma, is lost in the subcutaneous 
tissue. The anterior and superior muscles of the ear have 
been described as inserted into it, but they really lie on 
its outer surface. They are, however, so intimately con- 
nected with it that the preceding statement is practically 
no great error. This aponeurosis, bping intimately con- 
nected with the scalp, is removed with it in scalping, be 
it done by an Indian or by machinery. Under it is the 
fourth layer consisting of areolar tissue, which may be 
divided iuto various laminae. It is but loosely attached 
to the aponeurosis above or to the periosteum below, so 
that it allows fluid to spread freely over the skull. On 
the side where it rests, above the temporal muscle and 
proper temporal fascia, it goes to be lost in the cheek. 1 
am inclined to believe that it is a deep layer of this tis- 
sue that is attached to the superior temporal line forming 

the superficial temporal fascia, wliich is but very 
lempnrni slightly if at all connected with the zygoma. 

This view as to its origin I believe is in accord- 
ance with that of von Jhering (vide p.l5) ; but, like him, 
I have not been able to examine the point sufficiently fre- 
quently to be certain. The fifth layer is the periosteum, 
which is not very firmly fastened to the bone. The unioa 
is strongest along the sutures while these persist. I 
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unable to find Tillaiix'e subperiosteal layer. On the side V I 
of the skull we have additional layers, owing to the pres- 
ence of the temporal muscle which arises from the infe- 
rior curved line from the inside of the fossa, 

The temporal fascia arises from the whole length of the 
curved line from its origin at the external an- 

, , , . , . , Temporal 

gulai' process, and being inserted into the zygoma tucia and 
shuts off by a firm curtain the temporal foaaa 
from the surface of the head. It is evident that wliile the 
fascia and bone are intact any fluid iu this space will tend 
to escape downward and not outward thi-ough the skin. 
Though arising single this fascia splits into two, and each 
layer is inserted into an edge of the zygoma. The space 
between them is filled with fat, aud there is also fat be- 
tween the inner layer and the temporal muscle. (Plate 
n.) This arises chiefly from the bony inner wall of the 
cavity and also from the inner side of the temporal fascia, 
occasionally also from the zygoma. The last gi-onp of 
fibres are often continuous with those of the masseter. 
In short, this muscle arises from nearly the whole of the 
temporal foasa except its anterior walls. The direction of 
the fibres is downward and forward to the coronoid proc- 
ess of the lower jaw. The details of the insertion will 
be considered in another connection. If a pin be stuck in 
on front of the ear above the zygoma it will pass through 
the following layers: 1st, tha skin; 2d, the 
Bubcntaneous tissue ; 3d, the anterior muscle of temporal 
the ear; 4th, the lateral part of the occipito- 
frontal aponeurosis, here very thin ; 5th, the loose areolar 
tissue under it (in this there may be a layer coming from 
the superior line, the superficial temporal fascia) ; 6th, the 
outer layer of the temporal fascia; 7th, fat; 8th, the in- 
net layer; 9th, fat; 10th, the temporal muscle; 11th, 
periosteum; 12th, bone. 
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The true fascia that comes from the back of the neck 
Fasdie of ^irUes from the ligamentum nuchse, incloses the 
i™''- trapezius, unitea on front of it, splits to incloi 

the stern o-mastoid, again unites and again splits to foi 
the sheath of the parotid gland. The two layers r 
on front of the gland and join the fascia covering 
masseter. Other fascia and further details 17111 coi 
with tlie different regions. 

The vascular supply of the vault comes chiefly from 
Arteries *^^ Superficial temporal arteries, branches of the 
of orSide ^i^T ^f that name ; they are two or three on 
of Kuit. BBfih aide and rather variable. The main trunk 
is given off inside the parotid gland, and becoming super- 
ficial passes over the zygoma on front of the ear, where it 
is readily felt. These are assisted in supplying the vault, 
by the insignificant posterior auricular and by the ten 
nation of the occipital ; this lies deep during nearly 
whole of its course, and is important for the anastom( 
which its early branches make with others from the sal 
clavian and its terminal ones with the temporal, 
supra-orbital and frontal branches from the ophthali 
the termination of the internal carotid, render 
assistance in the forehead. The temporal veins take the 
blood from nearly the whole of the outside of tlie 
and ultimately fonu the external jugular vein. It may 
be as well to repeat that almost the whole of the blood 
the outside of the top of the head circulates in the 
cutaneous layer. 

The lymphatics of the head are numerous. The o( 
ital set run back from the top of the head 
the gland eituated in the occipital region. Those 
of the front and side of the head cannot be very dis- 
tinctly separated from one another ; they converge to 
glands in the parotid region and at the front and back 
the stemo-maBtoid. 
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The nervous aupply ib derived from branches of the 
first division of the fifth pair, the frontal and supra^or- 
bital, which are much larger than the corresponding arte- 
ries, and cany sensation, and often nearalgia, as 
high as the vertex ; from the auricnlo-temporal 
branch of tho third divinion of the fifth pair, which crossaa 
the zygoma near tlie tempoi-al artery and is spread out 
over the aide of the head, from tlie great auricular and 
small occipital nerve, of the cervical plexus that are dis- 
tributed behind the ear, and from the great occipital 
which is the internal branch of the posterior division of 
the second cervical nerve, which is distributed in the oc- 
cipital region and supplies with the facial the posterior 
belly of the occi pi to-frontal is. The anterior belly is sup- 
plied by the facial. The temporal muscle is supplied by 
the deep temporal nerves from the motor part of the 
third division of the fifth pair." 

The skin of the forehead i» closely attached to the 
muscles below it, and is easily thrown into folds g^;„ „f 
by their contraction. Sebaceous glands are nu- f"™'"*'' 
merous and sweat ones still more ao. The eyebrows 
correspond to the upper border of the orbit. Humphry 
Huggesta that they carry the sweat from the eyes off to 
the side of the face. They are over the upper part of 
the orbicularis muscle and afford much protection to the 
eye. The movement of bringing the eyebrows down- 
ward serves to shut ofl much light that would daKzIo the 
eye, when it is necessary that tlie lid sboald be raised. 
The prominences above the orbits are caused by pronul 
the frontal sinuses, cavities situated between the '''"""'■ 
two plates of the frontal bone. They are usually di- 
vided by a partition near the middle line, but somotimes 
vii-vr ur t]i« distribotiou of lh« cutaneoo* nerv«s U 
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there is but one. They open on each side into the mid- 
dle meatus of the nose by a canal called the infundib- 
ulum. (Plate I. 4.) They are lined with mucous mem- 
brane continuous with that of the nose, and said to be 
ciliated. Inflammations may extend into them from the 
nose, and they may be reached by insects which may 
deposit eggs in them. The bony plates inclosing these 
cavities are very thin. Their size is very variable. In 
the ridge inside the skull to which the dura mater is at- 
tached is seen the foramen caecum (Plate I. 2), which in 
the adult is the end of the superior longitudinal sinus, but 
in the infant forms a venous communication between the 
nose and the brain. 
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The upper border of the orbit is decidedly curved, 
and bends down at the outer angle, though the roof of 
the orbit itself is nearly horizontal. At about the inner 
tiiiird of this border is the notch or foramen for the supra- 
rbital artery and nerve. The former of these cornea 
rem the internal carotid, the latter from the first division 
of the fifth pair of nerves, and supplies sensibility to the 
integument as high as the coronal suture. It is assisted 
by the supra-trochlear branch of the same nerve. The 
frontalis, orbicularis, and little corrugator supercilii, are 
supplied by the facial, the fine filaments of which anas- 
tomose with those of the ophthalmic. 

The orbits are pyramidal-shaped cavities inclosing the 

eyes. The raof is formed by the frontal, and far ^bh, ^j ,|,a 

It back by the small wing of the sphenoid; both '"' '"■ 

B very tiiin. Below they are smooth, hut in the cavity 

E the skull the frontjil is covered with irregular ridges. 

B outer side is formed by the great wing of the spho- 

1, and on front by the malar bone, which forms also a 

t of the floor. The inner side is formed by the os pla- 

, or orbital plate of the ethmoid, which is very thin, 

I front of it, between it and the ascending process 

t the upper jaw, is the lachrymal, which together with 

the latter forms a groove, which runs into the lachrymal 

canal that opens into the nasal cavity. (Plate I. 17.) 

I ,The floor is chiefly formed by the superior maxilla, and far 
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back there conies in ii little piece of the palatal.^ The not 
which projects on tlie inner side, and the malar on t 
outer, afford a great protection to the eye. The i 
und tower borders are also strong, but otherwise the wall) 
of the orbit are very delicate. The inferior part of t 
three froutiil convolutioua rest on its roof. The iatw 
walls of the two orbits are parallel to one another, beinj 
separated merely by the ethmoid. Tlie outer walls c 
verge greatly, so that if continued backward they wonld 
form almost a right angle with each other. At the back 
of the orbit and high up is the optic foramen, transmit- 
ting the optic nerve and ophthalmia artery. Running 
downward and inward is the sphenoidal fissure, betwe^i 
the greater and lesser wiuga of the sphenoid, transmitting 
the third, fourth, the first part of the fifth, and the sixth 
pairs of nerves and tlte ophthalmic vein. Ilutming toward 
the lower end of this is the apheno- maxillary fissure open- 
ingintothezygomaticfoBHa, The entrance of th< 
orbit is guarded by the lids, which have a fu 
more important purpose than merely to exclude the li 
at night, or foreign bodies that the eye may see endang< 
ing it. They are closed several times a minute, and thai 
keep the front of the eye moist by carrying over it tin 
tears that are i-unning along the borders of the lida, Th| 
upper lid is the larger, but they are essentially similar i] 
structure. There is exceedingly little connective tiasiM 
under the skin, which is in contact with the orbloularin 
muscle. This muscle is divided inttf two parts: one i 
immediate connection with the lids, and one extending tol 
the edge of the orbit. The two ends of the space leftl 
between the lids differ by the inner side being elungutedt I 

' FrofoiBor Ilnrrlion Allen hoi written an Recount of ■ numbccaf tnait 
stica In thu uonatnictloa of tlie orbit, in Tha Amtriean Joamai of lia Jf«dll 
r.al Seieiial for Januarj-, 1870. 
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There is some connective tissue, though but very little, 
between the eartili^e and the muscle. The cartilage la 
attached by a pretty firm hiyer of fibrous tissue to the 
border of the orbit, to shut off the inside of that cavity, 
so that effusions of blood under the occipito-frontalis or 
orblicularisformecchymosis under the skin of the eyelids, 
and not under the conjunctiva lining them. Thus we 
have from the outside of the lid to the inside, skin, mus- 
cle, ai-eolar tissue, cartilage, and conjunctiva, which is a 
modified mucous membrane. This is continued on to the 
free edge of the hd, where it passes into the skin. The 
free edge shows two lines of distinct structure ; the more 
external just under the lid is the line of eyelashes, and 
that just within it is the line of the orifices of the Mei- 
bomian glands which extend behind the cartilage. It is 
possible for a skillful operator to split the edge of the lid 
between the lashes and glands without doing injury to 
either. Near the inner ends of the lids are two minute 
openings which collect the tears, and lead them through 
a canal in each lid to the lachrymal sac. But before dis- 
cuaaing this we must consider the palpebral ligament, 
which is a well-marked tendinous band, running from 
the inner angle of the eye to the margin of tlie orbit, 
just in front of the lachrymal sac. From this ligament 
there spreads out a fascia over the sac. Part of the or- 
bicularis is inserted into this tendon, and is known aa the 
tenaor tarsi. It ia very rare to find an individual who 
can command its action, which is to naiTow the sUt of 
the eyelids by drawing their inner ends toward the nose. 
The conjunctiva ia reflected from the inside of the lida 
to the globe of the eye far enough from the cor- Ponjim*- 
nea to cover the insertions of the muscles. Thus ''''''■ 
it is evident that to reach any of the structures in the 
orbit, if we enter between the eyelids, the conjunctiva 
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mast first be divided, and on the otliec band it is possible j 
to enter the orbit by cutting through the origin of the ' 
lids without interferiug with it. In the inner cantbus of I 
the eye there is a vertical fold of conjunctiva called tbe | 
plica semilunaris, and inside of this a little red swelling I 
caused by glandular follicles called the caruueuk, lac- [ 
lymalia. There is a fossa in the bony walls of tbe orbit | 
at the upper and outer border which contains tbe lachry- 
mal gland that secretes tbe tears. This is behind the 
conjunctiva, which it pierces by some dozen minute ori- 
fices. The tears pass insensibly across, assisted, as already 
stated, by tbe unconscious winking, and are gathered by 
the lachrymal canals into the sac. This extends as the I 
duct (Plate 1. 17) down a canal in the bones from the or- | 
bit to the inferior meatus, where the tears pass ofE under ] 
cover of tbe inferior turbinated bone. The sac is the di- 
lated upper portion that Ues in the orbit inside I 
BBcan'd the inner angle of tbe eye. By pulling tbe lids 4 
outward, tbe tendon of tlie lids, which crosses I 
about the middle of the sac, is made tense. Various valves I 
have been described by various authors and utterly denied 1 
by others. They have been said to be at tbe entrance o^ 1 
the canals into tbe sac, at tbe junction of tbe sac and the t 
dnct, and near the opening of the latter. Tliere is no I 
doubt that they are all very variable. The one which I J 
have found most constantly is tliat of Foltz between the 1 
sac and tbe duct. I cannot remember ever having seen J 
the valve said to exist near the lower opening of the lat- I 
ter. This opening is usually a vertical slit, which is not 
an arrangement favorable for regurgitation. Tbe course 
of the nasal duct is downward, outward, and backward. 
We have seen that tbe anterior part of the orbit IB I 
shut off from the posterior by tbe conjunctiva j 
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the conjunctiva and capsule of Tenon, or indeed thoae be- 
hind the latter, as blood will make its way through it. 
Thia may extend under the palpebral conjunctiva if the _ 
blow be very severe, and will be likely to do bo quicklyJ 
if it does at all. If there is a fracture of the base of thsrl 
skull the blood will break through Tenon's capsule and ap- 1 
pear on the globe, and then may work its way still farther- 1 
forward under the palpebral conjunctiva. It is difficult to- 1 
see how it should reach the outside of the lids, unless it' f 
passes through the tissues and muscles at the border of the. | 
orbit. The following conclusious are those given by Dr. 
R. M. Hodges, in an admirable lecture on the subject,^ 

" 1. That an effusion of blood beneath the integumentffi I 
Conoiu- of the skull, if it does not gravitate backward,- 
tCm! ' often produces an ecchymosia in the cutaneous 
Hodges. surface of the eyelids, but never of the conjuno- 
tiva of the lids or globe. 

" 2. That a blow directly upon the eyeball may give rise i 
to an ecchymosis of the conjunctiva, both of the globe, ( 
and lids, 

" 8. That when fracture of the base of the skull is ia* I 
dicated by ecchymosis, this ecchymosis appears first be- 
neath the conjunctiva of the globe, then beneath the 
palpebral conjunctiva, and only subsequently in the 
integument of the eyelids, if at all. 

" 4. That when the injury has been such as to make a 
fracture probable, external ecchymosis of the lower lid, 
and less frequently of the upper lid, is a significant symp- 
tom, only when it accompanies ecchymosis of the globe,' 
or follows it, after an interval." 

As the eyes look straight forward, and not in the line ' 
of the axis of the orbit, tlie optic nerve, in order- ■ 
not to enter the globe at an angle, and also to- 1 

Boston Midical and Surgicaljournal, April 17, 1673. 
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permit its free movement, ia not tense, bnt liea loose and 
Boraewhafc wavy in the fat that fills the orbit ; the artery 
quickly leaves it and keeps nearer to the roof of the orbit. 

Tlie lai^ size of the optic nerve in the orbit is greatly 
due to the sheath, which is a prolongation of the dura ma- 
ter, forming a tube around the nerve proper, which is itself 
encased in a sheath from the pia mater. Betweeu this 
and the dura there is a cavity. This may be very prettily 
demonstrated by removing the roof of the orbit and the 
tflp of the optic foramen and laying bare the nerve. Then, 
at the optic foramen, lay open the sheath of dura mater 
with the scissors by a cut along its top and throw ba<;k 
its sides. Then, if the nerve ia thrown out of the sheath, 
it is seen that this is a perfectly uninterrupted continua- 
tion of the dura that covers the olivary eminence. 

As to the muscles of the orbit : there is the levator 
palpebrffi that nins in the roof of the orbit and jju^^ie, „( 
raises the lid, being inserted into the upper bor- '"''''■ 
der of the cartilage. This is supplied by the third pair, 
and thus when the eye cannot be closed, owing to paraly- 
sis of the seventh, which supplies all the other muscles of 
the lids, the upper lid may nevertheless be raised higher 
than its usual level. Of the four recti, all but the upper 
arise by a common tendon around the lower three quar- 
ters of the optic foramen ; the outer one, however, has 
another head from the lower or outer margin of the sphe- 
noidal fissure. The upper rectus arises just above the 
optic foramen. These are inclosed in the sheaths already 
mentioned, from which prolongations pass to the walls of 
the orbit, tlius keeping the muscles in place. They become 
tendinous, and are inserted into the sclerotic, but not at 
equal distances from the cornea. The inner is the near- 
est, the lower next, tlieu the outer, and finally the upper. 
Thus their insertions would take place in a spiral around 
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the cornea. The inner ia about five millimeters from it, 
and the upper eight or nine miliimetera. In considering 
the action of these muacles, it is essential to reuieniber the 
difference between the axis of the globe and that of the 
orbit. The axis of the eye ia antero-posterior, that of the 
orbit divergent. The superior and inferior recti run in 
the line of the latter and obliquely to the former ; thus 
they do not give the eye a simple movement, like the inner 
and outer recti, but aa they draw it upward or downward, 
roll in inward aa well. Hence, of the four straight mus- 
cles, three give the eye more or leas of an inward inclina- 
tion. Of the oblique muacles, the lower arises from the 
OblinuB front of the floor of the orbit behind the laohry- 
ToU^evo ™*^ groove, and runs backward and outward to 
outward ^g inserted into the eve midway between the 

and oppopa *^ •' 

reiracuon, lower and outer rectus, and into the posterior 
half. This point is important ; it follows from it, that aa 
the muscle draws the point of its insertion downward, 
forward, and inward, it rolls the cornea upward, backward, 
and outward. The superior oblique quite unaccountably , 
arises from the back of the orbit, and runs forward to thafl 
inner upper angle of the orbit, where it changes 4t8 direc-l 
tion by passing through a pulley ; and it is from this point f 
that, mechanically speaking, it takes origin. It then goes .1 
backward and outward, and is inserted on the outer and ■ 
upper side, and just behind the equator ; thus this rolls 
the cornea downward and outward. Both the obliqm 
muacles lie between the globe and the straight muscles 
crossing them. They both roll the cornea outward, and . 
they both have a tendency to pull the eye forward. Il 
believe this last function is of great importance ; for, al- 
though the direction of the straight muscles is somewhat I 
changed by the bands that hold their sheaths to the orbit, | 
yet it is certainly probable that these muscles, which dur- | 



THE ORBIT. 68 

; the waking momentB are never at rest, would, in tiie 

wrae of a life-time, pull the eye back, into the orbit if 
pey did not have some equally active antagonists. The 

lotions imparted by the muscles of the eye are number- 
i and indefinable ; for it is to be remembered that not 

oly one, but several of them, may act at once, but also 
ihey must act wlien the cornea is looking in any possible 

rection, and thus the combinations of movements that 
jihey may cause is infinite. 
^ The nerves of the orbit need not be discussed in great 

m1. We have the third pair supplying all s,^^, „( 
the muscles except the external rectus that is "'■'"'■ 
mpplied by the sixth, which, by the by, is the largest 
BiotOT nerve in proportion to the muscle it suppHes in the 

)dy, and the inferior oblique that is supplied by the 

The fifth pair deserves a somewhat more careful de- 

ription. This divides into three branches before enter- 

j the orbit ; the most important ot these surgically, as 

1 occasionally resected for neuralgia, is the frontal, 

^hich runs forward to the supra-orbital foramen, imrae- 

iately under the periosteum of the orbit and above the 

jvator palpebrse. About midway forward it gives off 

9ie Bupra-trochlea branch, which runs to the inner side of 

!he orbit, gives filaments to the forehead and to the inner 

t of the upper eyelid. The lachrymal runs along the 

iat«r side of the orbit and supplies the gland, and ends 

1 the eyelid. The third branch is the Jiaeal, or, as it is 

a appropriately called by the German anatomists, the 

ciliary, which gives two or three long ciliary nerves, 

fthraiich to the lenticular ganglion, and going through a 

[ninute foramen between the ethmoid and frontal enters 

the cranial cavity, gives fibres to the dura, and then, going 

mugh a small opening at the side of the crista galli, 
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H enters the bobq and gives a branch to the mucous niem- 
H brane, while another mates its way out to end on the 
1^ Lenticoiar ^'^'^ near the tip of the nose. There remains 
gangKoD. tiie lenticular ganglion which presides over the ■ 
accommodation of the eye. It is in the back part of the I 
_ orbit, at tlie outer side of, and very near, the optic nerve. 

■ It receives its motor root from the thii'd, its sensory from 
H the naso-ciliary, its sympathetic from the cavernous plexns 
I which sends several branches into the orbit, which have ■ 
I rather irregular connections with most of the nerves^a 

■ The branches of the ganglion, some six to ten in numberl 

■ (Henle), are called the short ciliary nerves, and are ar- 
I rayed with the long ones about the optic nerve. They 
I subdivide so that they may be twice as numerous when 
I they reach the globe, which they enter around the optic 
H nerve. They are finally distributed to the ciliary muscle, 
r iris, and cornea. They are very sensitive, and their di- 
vision is always accomplished, as soon as possible, in enu- 
cleation, when performed by operators who are ignorant 
of ether, and justly fear chloroform. . 

The arteries come from the ophthalmic, and form im- ■ 
arculation p^rtant anastomoses with the facial and internal M 
of orbit. maxillary, but otherwise do not require much* 
description. The arrangement of most of them is very I 
similar to that of the branches of the fifth pair, and hs-M 

I side these are branches supplying the muscles. The eye iam 
provided for by the central artery of the retina, which m 
comes directly from the main artery. There are also j 
posterior ciliary arteries, which enter near the optio 
nerve, and send some branches to those which the central 
artery gives off in the nerve, before entering tlie field of 
their main disbribution in the choroid. Besides these, tha J 
muscular branches send off the anterior ciliary arteries, m 
which supply the conjunctiva, and pierce the Bclerotis I 
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near the oomea, going to the iris and freely anastomosing 
with the posterior ciliary vessels. There is always at 
least <Mie branch of the middle meningeal artery in the 
onter part of the orbit, which it enters through the sphe- 
nmdal fissore, anastomosing with branches of the ophthal- 
mic ; and Zoekerkandl^ has reported four cases in which 
the middle meningeal arose from the ophthalmic in the 
orbit. This arrangement is of importance in insuring the 
snpfdy of blood to the eye, shoold any injory happen to 
any of the bnmches of die ophthalmic, and perhaps even 
in case of obstruction in the artery itself. 

The veins of the cnrbit are interesting from their influ- 
ence on the intra-cranial circulation. Thou£^b _ . 

^ v«iw m free 

the course of the blood is generally held to be ooaunaoka- 
inward, there is no doubt that it may be the thoM^ of 
other way, thus affording a valuable outlet, as ^^'*^^°^ 
the anastomeses with the facial vein are very free. Be- 
sides the smaller branches, which correspond in the main 
to the arteries, we have the ophthalmic vein, which is 
either single or is replaced by two trunks, a superior and 
an inferior, which open into the sinus cavemosus by pass- 
ing through the sphenoidal fissure. The in- , 
ferior sometimes passes throu^ the spheno- <»mmanka- 
maxillary fissure into the pterygoid plexus, and pteryi^iid 
then the course of its blood must, as a rule, be ^"°^ 
from the orbit. A small communicating vein through 
this fissure is very common. It is to be noticed that 
there is always a communication between the two opthal- 
mic veins, whether they ultimately form one trunk or not. 
An important, but by no means constant vein, is the oph- 
thalmo-meningea, described by HyrtL which may run 
from the neighborhood of the fissure of Silvius through 
the sphenoidal fissure into the orbit, communicating witL 

1 MedidmUdk Jakriidkr, 1876, Heft iu. 



66 THE ANATOMY OF THE HEAD. 

its veins. This is sometimes without valves, and then, no 
doubt, may carry blood from the brain ; but, curiously 
enough, when valves are present they are so turned as 
to prevent the flow of blood in that direction. The cen- 
tral vein of the retina empties either directly into the 
cavernous sinus — the usual plan — or into the opthal- 
mic vein, according to Sesemann, who has studied the 
veins of the orbit very thoroughly.^ It always has a 
lateral diverging branch, so as to make the escape of 
blood from the retina independent of the state of a single 
vein or sinus. In short, apart from the importance of 
forming a safety valve for the brain, the veins of the 
orbit are so arranged that the blood from the eye may 
be carried off entirely through the superficial and deep 
veins of the face. 

1 Heichert and Da Bois Beymond's Archiv, 1869. 
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CHAPTER VII. 

THE NOSE AND NEIGHBORING CAVITIES. 

The position of the nose itself doea not need descrip- 
F'tion, bat something may be said of that of the nasal 
cavity. It is divided in the middle by the septum, and 
opens on front through the nostrils and behind through 
two larger openings, the posterior nares, into the pharynx. 
It '« bounded below by the hard palat«, and is narrow 
auuve where it lies under the cribriform plate and part 
of the body of the sphenoid. It is bounded on the sides 
by the turbinated bones, the superior maxillje, and the 
ascending plates of the palatals. The septum is formed 
above by the very thin vertical plate of the 
ethmoid, which runs forward to rest against the 
beginning of the nasal bones. The under and posterior 
part of the septum is formed by the vomer, which runs 
from the body of the sphenoid to the back of the hard 
palate, and forward on it to the nasal crest of the up- 
per jaw-bones. It is sometimes pretty sohd, and is by 
far the strongest part of the septum. (Plates I. and TI.) 
The angle left between these two plates is filled by the 
central cartilage which runs forward to the front of the 
nose, and the shape of the nose depends largely on its 
development, and on the degree of projection of the nasal 
bones. 

The septum is very frequently, one might perhaps say 
oauiilly, bent to one side, making one respiratory tract 
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smaller than the other, and moi'e liable to be occluded hyM 
cougestion of the mucoua membrane. (Plate II,) If J 
the deviation be great enough to preVent respirationl 
through one side, much greater inconvenience is oeca-f 
sioned than would be expected, but, owing probably to ■ 
the elasticity of the cartilage, operations for its relief are 
uniformly unsuccessful. The nasal bones though email 
are very thick at their bases, which are interlocked. They 
give a very firm support to the top of the nose, but be- 
low they spread out into thin plates, to the edges of which 
the lateral cartilages are attached. At their upper part 
these are continuous with the median cartilage, but be- 
low they are separata from it. The median cartilage, 
after this separation, can be felt in the middle 

CartilagBS. i -i 

between these cartilages, and much more dis- 
tinctly at the tip of the nose between the two BcroU-like 
cartilages that form the alaj. Bet\veen these and tlieJ 
lateral cartilt^es are three or four insignificant cai'tilagin*! 
0U9 nodules. The alie are pretty freely movable, owingf 
to small muscles that it is hardly worth while to de^ 
scribe, but it may be stated that they are supplied by tha J 
seventh nerve, and the movements of the ala3 are conse- * 
quently lost in facial paralysis. The nostrils look down- 
wai-d for the sake of protection against the entrance of 
foreign bodies, and their orifices are further guarded by 
small hairs. The bony plate that forms the floor of the 
nostrils forms also the roof of the mouth, and is inclined 
backward, thus carrying the secretions toward the phar- 
ynx. On fi^ont it rises into a median elevation, the ante- 
rior nasal spine, to which is attached the base of the 
septum. It is thicker in the median Una than elsewbei-e, 
but it becomes regularly tbinner from before backwai'd. 
Behind, it ends in a median projection, the post nasal 
spine, from which the azygos uvuIeb muscles run down 
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into the soft palate which i 



i along its border. The 



sides of these cavities are thrown into folds by 
the turbinated bonea, and between these folds naaii Mvi- 
are passages styled meatiises. When covered 
by mucous membrane they very much diminish the space 
in the cavity. The inferior meatus is overhung by the 
interior turbinated bone, and is the chief respiratory 
canal. The nostril is aboTe its floor, its entrance being 
guarded by a raised fold of skin. An instrument, there- 
fore, must be pointed upward and immediately depressed 
to pass along the inferior meatus. Under eoTer of the 
inferior turbinated bone, at least one quarter of an inch 
from its apex, is the slit-like opening of the lachrymal 
canal. The middle turbinated bone does not reach ao 
far forward as the lower, and perhaps a little farther 
back. Thus there is an open space left on each side 
under the bridge of the nose. If the middle turbinated 
bone is removed there is seen under it a carved fold 
bounding a groove which is convex anteriorly, and which 
ends on front in a small opening through which a probe 
may be passed upward into the frontal sinus. This is 
the infuudibulum. (Plate I. 4.) The openings of an- 
trum into the nose may be one or two in number. One 
always opens into this infundibulum, leaving . 

■J I , Aiilrnm has 

the antrum just under its roof and consequently slways bh 
being quite incapable of draining it. (Plate II. infuadibu- 
34.) This opening is sometimes single in the 
antrum and double in the infundibulum. There is also 
an occasional opening of the antrum lower down and 
farther back into the middle meatus. 

The superior spongy bone forms but a slight ridge in 
the posterior and upper part of the nares, below which is 
the upper meatus. Into this open, by a minute passage, 
the posterior ethmoidal cells (Plate II. 12), which are 



70 



THE ANATOMY OF THE HEAD. 



included in the posterior half of the upper lateral masses 
of the ethmoid. They are of varying size and 
ethuioid«l number. They are internal to the orbit below 
the base of the skull, and ou front of the sinus in 
the body of the sphenoid. They are separated by a con- 
stant partition from the anterior ethmoidal cells. Be- 
hind are the sinuses in ihe body of the sphenoid, which 
are separated by a partition invariably on one side of the 
middle. They lie under the sella turcica and extend on 
front of it. They open each by a small opening into the 
posterior part of the roof of the nasal fossse. (Plate 
III, 19.) Tlius we have the mucous membrane of the 
nose continued into the frontal sinus, the whole cavity of 
the upper jaw, the cells of the ethmoid and sphenoid. 
The mucous membrane completely covers the spheno- 
palatine foramen, ao striking on the dried bone, which is 
just behind the superior meatus. The filaments of the 
olfactory nerve are distributed to the roof of the uares, 
to the two upper meatuses, and to the upper part of the 
septum J it is only on the latter that they reach the in- 
ferior meatus, so that the chief respiratory canai is hap- 
pily nearly free fi-om them. The vascular supply of the 
Vessels of ^•^'^^ i^ important. In the infant, at least, the 
iioBe. longitudinal sinus opens into them. The ante- 

rior palatine canal, or rather incisor canal, forma a eul- 
de-eaa in the floor of the nose, and very rarely a canal. 

On the septum we have the artery which, together 
with the nerve, runs under the mucous membrane from 
the spheno-palatine foramen to the anterior palatine 
canal. Its course corresponds in general with the upper 
border of the vomer. 

The cavities opening into the nasal chambers as de- 
scribed, are on each side, the nasal duct, the antrum, the 
frontal sinus, the anterior and posterior ethmoidal cells, 
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and the sphenoidal fliiius. Tliey are all liiied witli mu- 
cous membrane continuous with that of the nose, _ 
but much less vascular and covered with ciliated t«'ing cav- 
epithelium. The membrane in the cavities con- 
tains glands which appear to be moat numerous in the 
antrum ; certainly it is there that they most frequently 
are recognized as the cause of trouble, 

The mucous membrane lining the nasal fossie varies a 
good deal in different parts, but is everywhere mucohs 
thick and very vascular. In the space under the 'ne™''ra'ie. 
projecting nose, the epithelium is several cells deep with 
flattened cells at the surface, elsewhere it is columnar. 
There are cilise in the lower meatus and on the inferior 
turbinated bone, as well as on the lower part of the sep- 
tum ; in short, on the walls of the passage through which 
most of the air passes in respiration ; but there are none 
in the parts above this in whjch the olfactory nerve is 
distributed. In the latter parts are peculiar cells sup- 
posed to be the terminal organs of the nerve. It has 
long been well known that the mucous membrane ia very 
vascular and subject to sudden engorgements, but Profes- 
sor Henry J. Bigelow^ has the merit of having discovered 
the esiatence of a true erectile cavernous structure. Thu 
following extracts from his paper may be quoted without 
other comment than that, having seen his specimens, I 
entirely concur in bis views. After stating that he has 
found "a remarkable and well-formed cavern- „ „ 

Dr. Henry 

pas structure, at least upon the middle and in- J.Bii-eiow'a 
ferior turbinated bones," Dr. Bigelow contin- true ereciiio 
ues: " The difference in the size of tlie distended turbinnied 
"and collapsed cavernous bodies is quite strik- 

• "Turbinated Corpora Cavflrtiosn," Boston Medicaland furgicalJoumal, 
April 39, 1S7&. I am indebted Co the kindness of Dr. Bigdow for the nse 
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ing, and is best aeen npoii the inferior turbinated bone. 
Colliipsed, the outline and dimenaiona are iiearly those 
of its atteniuited bony frame- 
' work. Distended, it becomes 
j an angry, tui^id mass, of un- 
even surface aud livid color, eom- 
' pletely closing the lower nostril. 
A pouch-like dilatation projects 
I from the rear of the boae, in- 
, ci-easing its length, and with the 
. aid of a blow-pipe readily show- 
ing on section, to the naked eye, 
i-V'- ''■ cavernous cells. It is this re- 

ticulated pouch that ia seen with the miiTor at the back 
of the nares. Above it ia seen the middle turbinated 
mass, similarly distended; and if the injection of the 





whole membrane is considerable, the nasal septum also 
swells to the thicknesa of nearly one quarter of an inch, 
especially near its posterior edge. (Fig. 6.) . . ■ . If 
inflated and dried, the cells project upon the surface. 
A section (Figa, 7 and 8) then gives further evidence of 
a cavernous strncture, with closely juxtaposed cavitieMTI 



1 cavitieMT^H 




mon walls. A wet microscopic section (Fig. 9) exhibits 
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thin trabeculfe and walb, composed mainly of connect- 
ive tissue, presenting cavities of unequal dimensions, and 
closely I'esembling the cavernous structure of the penis ; 
although the smooth muscular element, as also the tunica 
albuginea of the latter, are somewhat more pronounced ; 
as might be anticipated from the comparative erectile 

tension of this organ Everybody is familiar with 

the firm and sudden impaction of the nose in acute ca- 
taiTh ; and has learned that a swallow of water, a pinch 
of snuff, a sudden start, mental or physical, as often 
clears the passage, to be again filled up." There has 
been more or less written about cavernous tissue and 
plexuses in these parts, the writer sometimes ending by 
quoting Kohlrausch, but his figures eliow that lie did not 
demonstrate a true cavernous erectile tissue. The pur- 
pose of these structures, according to Humphry, who, 
however, did not grasp their anatomy, is to favor the 
moderate exudation of the watery constituents of the 
blood to keep moist the respiratory tract. 

The relations of the antrum of tlie upper jaw deserve 
some further notice. The former extends from the floor 
Kelaiioin '^^ *^^ orbit to the root of the mouth. It is very 
of RDtnim. important to remember that the floor of the an- 
trum is not above the hard palate, for this all goes to the 
floor of the nares, but above the alveolar boivier as far as 
the outer side of the canine tooth. The prominence 
around the socket of this tooth is just under the partition 
between the naaal cavity and the anti'iim. Outside of 
this is the canine fossa, which is above the bicuspids, and 
in tlie same verticle line is the infra-orbital foramen. 
External to the fossa is the beginning of the malar tube- 
rosity, which sometimes, but not always, begins as a ridge 
thickening the wall of the antrum. Except at this point, 
and below, the watts are as thin as paper, and when the 
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cavity is distended they become even thinner. The roots 
of the bicuspids and molars are implanted in the floor, 

and the removal of one of these may sometimes cause an 
opening without subsequent punctme. The inside of the 
cavity ofteu presents ridges, both below and on tlie aides, 
wliich are caused by bone, but increased by folds of mu- 
cous membrane. The opening into the nasal cavity is 
high up from the floor. In the foetus the antrum is 
merely a groove from the nose between the palate and 
the floor of the orbit, and develops by the sepai-ation of 
these plates. Its size is variable. I have examined a 
skull in which it was so small that the front wall of the 
maxilla, internal to the malar tuberosity, bounded the 
enlarged nasal cavity. 

The arteries and nerves of the antrum are branches of 
the infra-orbital 8. The nerve of that name is „ , 

vesBelB ana 

the direct continuation of the second division of nerves ot 
the fifth pair which passes through the foramen 
rotundum, the spbeno-maxillary foasa, and the fissure 
of that name, into the canal, usually an incomplete one, 
in the floor of the orbit. The artery which accompanies 
it in the canal ia the end of the internal maxillary, which 
reaches the spheno-maxillary fossa by passing behind the 
antrum. The artery and nerve give off usually two 
dental branches, which respectively anastomose with one 
another above the roots of the teeth and which supply 
the lining of the antrum. The posterior artery and 
nerve usually send branches around the outside of the 
antrum, 

Meckel's ganglion is situated directly back of the an- 
trum just below the apex of the orbit in the Meckel's 
spheno-m axillary fossa. It ia connected with esi'eI""'' 
the infra-orbital nerve by one or two twigs, but lies below 
it. Its chief branches are to the mucous membrane of 
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the palate and Dose. The two most important are the 
largest palatine branch which runs down the posterior 
palatine canal and the nerve of the septum that reaches 
the nasal cavity by boring through the membrane that 
closes the spheno-palatine foramen. This ganglion gives 
off, or more properly receives, the Vidian nerve that runs 
through the Vidian canal at the root of the pterygoid 
process at the rear of the fossa. This nerve consists of 
motor and sympathetic fibres. Behind the canal, these 
parts are distinct; the sympathetic join the carotid plexus, 
but the motor, under the name of the large superficial 
petrosal nerve, pierce the base of the skull through the 
closed middle lacerated foramen, and entering the hiatus 
Fallopii, join the facial at the geniculate ganglion inside 
the temporal bone. Thus the Vidian nerve may be said 
to contain the motor and sympathetic roots of Meckel's 
ganglion. 
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CHAPTER VIII. 

THE MOUTH AND CHEEKS AND CHIN. 

The entrance is formed by the lips, which are made up 
o£ circularly disposed muscular fibres, forming 
the orbicularis. (Plate I. 21.) They s 
ered on the outside by skin, and on the inside by mucous 
membrane, and the latter, though considerably modified, 
is continued externally, forming the red border of the lips 
that is seen when the mouth ia closed. A vertical micro- 
BCopic section througb the lips shows the divisions very 
finely. The skin Is characterized by the presence of hairs 
and sweat glands, the true mucous membrane by the nu 
merouB large mucous glands, and the intermediate portion 
by the absence o£ both. The fibres of the muscle are 
seen to run nearer to the surface at the junction of the 
skin and the intermediate part. There are a few mus- 
cular fibres running antero-poateriorly from the outside to 
the inside of the lip. The orbicalaris becomes thin as it 
is removed from the lips, and is more or less interwoven 
with other facial muscles. Externally the fibres are 
joined by those of the buccinator. It is also attached to 
the bones, firmly above to the nasal spine and septum, 
find loosely below. The facial muscles raising and de- 
pressing the lips do not require description. They are 
supplied by the facial nerve. The sldn of the lips is 
covered with hair, strong in the male, and but slightly 
developed in the female. The aide of the cheek is formed 
by the buccinator (Plate II. 21), which mingles with the 
orbicularis oiitside of the comers of the mouth. It lias 
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sometimea been improperly classed among the muscles of 
mastication. Its actioD is to expel air from the 
mouth by blowing, aud to assist the tongue in 
moving food in the mouth. It is closely connected with 
the mucous membrane, and perhaps one of its most im- 
portant functions is to prevent this from falling in i 
between the teeth during chewing and speaking. 
arises under cover of the masaeter from both the upp< 
and lower jaw aud from the so-called pteiygo-maxillary 
ligament, which sepanites it from the superior constrictor 
of the pharynx. It is supplied by the facial 
b7%dal nerve, and not by the long buccal branch of the 
third division of the fifth pair, as has been till 
lately supposed. The latter coraes from that part of 
the third division which was held to be motor ; neverthe- 
less, it is sensory, and, piercing the muscle, goes to the 
mucous membrane. This has been established both by 
dissection and experiment, but an anomalous arrangi 
ment has been observed which is confirmatory ; naraelyJ 
Professor Turner, and others, have found this nerve ariftj 
ing from the second division of the fifth, wliich is undi 
niably sensory. On the outside of the buccinator, fillinf 
the angle between it and the anterior border of the mat 
seter, is a pad of fat, which is crossed by Steno's dud 
from the parotid, which, piercing the buccinator quite ohi 
liquely, enters the mouth opposite the second upper raolar^ 
The buccinator is covered externally by a fairly definedfl 
fascia which goes backward over the constrictor. Thei 
is no distinct fascia under the skin of the greater part a 
the face, but a very variable amount of fat in which thd 
vessels and nei-ves are imbedded. The blood for thflJ 
superficial part of the face is derived chiefly from thai 
areuistion facial artery, which crosses the border of the jaw 
of iba face. ^^ ^^ anterior edge of the masseter, where it in 
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easily felt and compresBed. It runs toward tbe inner 
angle of the eye, sending branches to the parts in front 
of its course. The coronariea are among the most impor- 
tant. They supply the lips, running near the red border, 
and meet their fellows from the opposite side. They very 
frequently are given off from a common trunk. Below 
the orbit there is a slight communication between the 
branches of the facial and those of the infra-orbital from 
the internal maxillary, and at the angle of the eye a more 
important one with the terminations of the ophthalmic 
from the internal carotid. It is also joined by the trans- 
Terse facial from the temporal that crosses the face sap- 
plying the malar region. The facial vein starting at the 
orbit, where it is in free communication with the orbital 
veins, has the same general course as the artery, but is 
posterior to it and crosses the jaw near the angle. The 
skin of the face is very vascular, and is one of the places in 
. which Suquet describes his " circulation derivative," that 
[riB, the passage of arteries into veins without in- CapiHaries 
f termediate capillaries, — a discovery tliat others grierteT 
I bave not been able to confirm. The nerves of ^pi'gl"' 
Y the face are the terminal branches of tbe fifth "here- 
k pair that emerge from tbe three foramina, and bave been 
■iTepeatedly alluded to. The motor nerves, excepting those 
1:i6r the masseter and the levator pal pebree, come Serves of 
■sirom the facial, which emerges from the front '"'' 
!■ of the parotid. It should be borne in mind that the gen- 
f eral direction of these nerves is forward. The smaller 
• filaments of tbe fifth and seventh pairs unite very fre- 
L quently, so that they are ultimately mixed nerves at their 
I distribution. Tbe facial also receives sensory fibres from 
■ the auriculo-temporal. The superficial lymphatics con- 
iverge, for the most part, toward the angle of the jaw. 
The mouth, strictly speaking, is not a cavity, and 
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i 0113 only by muscular action. KoEoially it i 
Month filled ^^^ ^y ^^^ touguB, With the possible escep- 
by tongue, jjg^ ^f ^]^g yg^y anterior pu,rt, where a £ 
space may exist. The boundaries are as follows : aboveJ 
the hard palate which forms an elongated dome de- J 
sceudiDg on front and on the sides into the alveolar procs J 
ess for the teeth. It is continuous behind with the soffc A 
palate, which rests against the tongue. The gi'eat part J 
of the floor of the mouth is formed by thb oi^an, except^ 
on front and along the border of the lower jaw, whore J 
we have the floor of the mouth proper. On the aides, ^ 
we have the double row of teeth, the alveolar process, 
and the fi-ont part of the inside of the ascending ramus 
of the lower jaw. That is, we have it to the point where 
the mucous membrane turns inward over the front of the 
internal pterygoid. The cavity (using the term loosely) 
of the mouth, is continued into the space between the lips 
and the teeth, which, it must be remembered, commu- ■ 
nicates even when the teeth are closed with the month-fl 
proper around the back teeth. 

This space is of some surgical importance. The fold J 
of mucous membrane from the lip to the giun J 
tweanihe ia just below the opening of the nose. In the J 
nlvfoiar middle line there is a fold of mucous membmne { 
proccas. f^Qfji the anterior nasal spine and u trifling J 
one on each side about over the anterior molar. The J 
prominences and depressions ot the upper jaw, treated of I 
in connection with the antrum, can be very readily reeog- J 
nized. The malar prominence ia very distinctly felt. It. I 
bounds the region that can be seen through the mouth i 
without any incision ; behind it the space between the J 
cheek and the jaw runs up higher, and the finger can i 
reach the apex of the coronoid process when the mouth ia 1 
opened. Intei'nal to the ascending ramus, and on th^ 
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■whole parallel to it, ia a fold of mucous membrane tbat 
runs into the alveolar border, and may be mistaken (by 
the eye) for the ramus. It Is formed by the border of 
the ptery go-maxillary ligament. An incision pojujon of 
on the inside of the lower alveolar process just ^""""T^ 
under and in front of the point at which this "nouHi. 
fold reaches the jaw, will reveal the gustatory nerve 
emerging from the internal pterygoid, just below the last 
molar. It may be divided, or indeed, a piece may be 
cut out in this place. The infra-orbital nerve emerges 
at the top of the canine fossa over the first bicuspid, or 
over the space between it and the next. Tlie space 
beneath the lower lip is of less consequence. There 
is a very slight median fold of mucous membrane. The 
mental foramen, iisually under the second bicuspid, ia 
a little below the line of reflection of the mucous mem- 
brane. 

The teeth oE the upper jaw form a lai^er curve than 
those of the lower ; this effect is particularly marked on 
front, owing to the forward inclination of tlie 
upper teeth, which overlap the lower. The 
canine teeth in both jaws mark the angle at which the 
front and lateral aspects unite. They are farther apart 
in the upper jaw than in the lower, owing to the greater 
breadth of all, but especially the two middle upper in- 
cisors ; thus, the upper canines rest partly upon the lower 
ones and partly on the anterior bicuspids. The posterior 
teeth of the upper jaw turn somewhat outward, and those 
of the lower correspondingly, or indeed, more markedly, 
inward. The lower wisdom-tooth is usually inclined for- 
ward as well. The two rows of teeth end behind, pretty 
nearly opposite one another. 

The roof of the mouth formed by the hard palate 
varies a good deal in breadth and in the amount of curve 



82 THE ANATOMY OF THE HEAD. 

it presents. The bone is very rough for the firmer at- 
tiwhraent of the mucous membrane. There is 
mouth. In- occasionally a small opening just in front, called 
the incisor canal, which may connect throiigh 
paBSf^eB in the anterior palatine cunal with the nasal 
cavity. According to my observations, it usually ia 
wanting, and it rarely is more than a very minute open- 
ing, though sometimes it is double and its orifices may be 
guarded by folds, as in Plate I. It represents a. well- 
marked canal in some animals, but in man is of no kind 
of importance. It may be mentioned here that the ante- 
rior palatine canal contains also two others, more or less 
distinct passages for the nerves and arteries of the septum 
nasi, that pierce the palate, but as they are distributed 
under the mucous membrane, no ti'ace of the openings 
can be seen during life. The folds alluded to are some- 
times well marked, giving the front of the roof of the 
mouth the appearance of being strengthened by ribs. 
The hard pahite ends behind in the posterior nasal spine 
in the middle, and on the sides it rests against the ptery- 
goid plates. The hamular process of the inner one pro- 
jects backward, and is easily felt through the 
lenti*"^' ^°^^ palate. This is a muscular curtain lined on 
icf^u" e^cii side with mucous membrane ; when at rest 
forming jt lies against the back of the tongue and form- 
er phar- ing the front wall of the respiratory tract from 
the posterior nares nearly to the epiglottis ; 
when in action it rises and forms the top of the alimen- 
tary tract, shutting the food out from the nose. The 
median prolongation known as the uvula lies in a corre- 
sponding groove on the back of the tongue, and the soft 
palate lies on that organ, Plate IV. shows how very 
near the uvula, even when of ordinary size, approaches 
the epiglottis. I have satisfied myself that these relations 
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are perfectly normal in the specimen from which the sec- 
tion waR made, and bearing this in mind it is easy to see 
how much irritation may be caused by an elongated 
uvula. 

On each side the soft palate may be said to be contin- 
ued downward in two folds, the pillars of the fauces. 
The posterior, containing the palato-pharyngeus, runa 
down and backward into the pharj^nx ; the anterior, 
containing the palato-glossua, into the tongue. The lat- 
ter forms the lateral boundary between the month and 
pharjTix. It will be more convenient tfl treat of the 
muscles forming the palate with the pharynx. The bony 
roof of the mouth presents just on frant of the hamnlar 
process on each side, and internal to the last raohir, or a 
little farther back, the posterior palatine canal transmit- 
ting the artery and nerve. The artery anastomoses with 
the anterior palatine, but its greatest surgical importance 
18 that it ia the chief vessel supplying blood to the soft 
palate, and that therefore it is desirable not to cut it in 
the operation for cleft palate. The mucous membrane 
of the month contains numerous compound glands which 
are named labial, buccal, and palatal, according to their 
position ; two or three large ones constitute the molar 
group. They are situated around the inside of the 
mouth, inside the buccinator and on both the hard and 
soft palate. 

The tongue is an organ of a different plan from any in 
the body. It consists of muscles interwoven in s,rm.ture 
such a way as to allow the most varied changes "' '""S"'- 
of form and, consequently, of position. The firmest 
point of origin is from the superior genial tubercles in- 
side the symphysis of the lower jaw, and much of its 
substance springs from the hyoid ; fibres enter it also 
from the stylo-glossus and palato-glossus. 
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Though the relationa of individual miiacles and biindlea'4 
o£ fibreB are very complicated, the general plan of the 1 
tongue is pretty simple. There is a median septum o£ I 
loose fibrous tissue, and the musculu,r fibres are to be J 
divided into three classes ; 1st, a transverse set ; 2d, some | 
that may be called vertical, though in reality oblique ; and J 
3d, longitudinal ones inclosing the others. The genio- 1 
glossi (Plate II. 26) that arise at the symphysis lie on J 
each side of the septum, the anterior fibres run upward 1 
and forvrard to the tip, and the others more and more i 
backward to the layer of fibrous tissue at the base of the ^ 
epiglottis ; aa a rule, no fibres are inserted into the hyoid, 
and consequently the name of genio-hyo-glossua is incor- 
rect. Outside of these muscles, aud running forward and 
upward into the tongue, are the hyo-glossi (Plate II. 25), _ 
each of which has been divided into three parts accord- 
ing as it springs from the body, the greater or the lesser J 
horn of the hyoid ; but they are aa well taken altogether. 1 
On thesides of the tongue these fibres take a longitudinal [ 
direction and some join the transverse group. The j 
stylo-glossus divides as it enters into an upper and an in- I 
ferior part, and each of these, though sending most of its I 
fibres longitudinally along the tongue, sends some trans- 
vei-aely inward. The palato-glossus runs superfichvlly and I 
longitudinally. The name lingualis has been applied | 
by some authors to a group of longitudinal muscles on 
the top of the tongue, and by others to a group below ; 
the name is of little consequence, provided it be under- 
stood that all the free part of the organ is ensjieathed in 
longitudinal fibres. Near the tip there are vertical fibres 1 
running from the upper to the lower border. The trans- | 
verse fibres which are interwoven with the a.scending ones, 
spring mostly from the septum, which is not a partition 
through the whole of the tongue, but is rather a n 
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Btrip broader behind than in front, which follows the 
curve o£ the dorsum, keeping about one third of an inch 
below it. It is by no means so well defined b& some 
descriptions would imply. The transverse and vertical 
fibres aa they approach the mucous membrane into which 
they are firmly inserted, leave spaces for the passage of 
the longitudinal ones. Microscopic sections show this 
arrangement very beautifully, and should be made in each 
of the three planes. They aometimea also show the in- 
dividual fibres subdividing as they approach the mucous 
membrane. There is no submucous layer excepting far 
back. The various actions of raising, depressing, bending, 
and withdrawing the tongue can be understood by a study 
of the muscles, but the act of thrusting it out Movemeau 
strikes me aa hard to account for satiafactorilyj "* lonsuc. 
Perhaps the best explanation is that the greater portion 
of the fibres of the genio-glossi, that is, all but those 
running into the very anterior part, by their contraction 
bring tlie mass of the tongue downward and forward, and 
that this pushes the tip before it. The muscular layers 
of the tongue are separated by loose connective tissue, 
often containing some fat which often sends prolongations 
among the smaller groups, especially in the course of 
vessels and nerves. The great tolerance of the tongue 
to the presence of foreign bodies which may have been 
driven into it is very remarkable. The mucous „ 
membrane covenng the tongue vanes greatly in niembrane 
the different parts ; it is reflected from the tip 
and aides over the genio^lossi muscles to the floor of the 
mouth. The papiilje are not prominent except on the 
edges and upper surface, and present three well known 
kinds which need not be described minutely. The dor- 
sum may be divided into three parts, a posterior one 
occupying the posterior half inch, or a little more, whicii 
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normally looks backward, is free from papilla, and con- [ 
tains iiuiiierouB glands aa well as lymphoid follicteSf 1 
though these may be wanting. On front of this corned I 
the V of circumvalate papillce, the apex of which is formed I 
by the rather inconstant foramen ciecum (Plate IV. 35), 
which is the common opening of several glands. ThsJ 
distribution of the glosso-pharyngeal nerve ends in this 1 
region. The front part is covered with the filiform pa- ' 
pjUse, among which the short, thick, red, fungiform ones 
are scattered. These latter are particularly numerous at 
the tip and edges. Two little glands, the lingual glands, 
are found near the tip of the tongue. 

The nerves of the tongue are three : the glosso-pharyn- 
Nerves of S^'^'^f ^he gustatory from the fifth pair, and the I 
tongue, hypoglossal. The last of these, the motor nerve"! 
of the tongue, runs in on the outer aspect of the hyo^IoB* 1 
aus, which separates it from the lingual artery, which lies I 
on the inner side of that muscle, between it and the genio-J 
glossus. The course of the guatatoi-y nerve at the side of I 
the floor of the mouth has been mentioned. It runs for- a 
ward for some distance at the side of the tongue and then. 1 
breaking suddenly into many bi-anches it spreads over the J 
anterior two thirds. The posterior third is supplied by 1 
the glosso-pharyngeal, which, passing between the stylo- I 
pharyngeus and stylo-glossus muscles, gives a branch to the | 
tonsil and reaches the side of the base of the tongue. It 1 
supplies the mucous membrane aa far forward aa the cir- I 
cumvalate papilhe besides the sides of tlje pharynx. The .1 
shape and relations of the tongue when at rest deserve 1 
careful study. The results of frozen sections are instruct- j 
ive but not conclusive, aa the state of the parts cannot he \ 
the same after death, especially in dissecting room sub- | 
jecta. I have satisfied myself from observations on the i 
subject and study of the literature, that there can be 1 
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question that the tongue almost completely fills the 
mouth. The posterior part is vertical, and higher up pre- 
Bents a groove in which lies the uvula, as is seen in Plate 
rV. There is here acme interspace as well as in Plate 
III,, but it must be remembered that the raucous mem- 
brane of these parts during life, when full of blood, must 
be really thiclcer and more likely to adhere to a similar 
surface than after death. Judging by one's own feelings, 
it would seem that the tip of the tongue does not quite 
fill the anterior part of the mouth, but I cannot admit any 
approach to tlie space shown io Plate II. Mezger's and 
Bonder's observations^ show pretty conclusively that the 
mouth is kept closed during life by atmospheric 
pressure and not by muscular action. As Mez- chwi by 
ger states, if we open the mouth slightly and try pheric 
to hold it so, tlte muscular effort soon becomes P''*'""""' 
Very fatiguing; and again, if keeping the lips closed we 
allow the jaw to drop slightly, the cheeks are pressed in 
by the outer air. This implies that the communication 
with the pharynx is habitually closed, but does not forbid 
the assumption that there may be some very slight free 
space in the mouth. The ease with which the tip of the 
tongue can be moved when the jaws and lips are closed 
would imply that there must be some free space arouud it. 
There is, however, very little inaccuracy in the statement 
that the tongue completely fills the mouth, Tlie blood 
vessels will be considered presently with those of the floor 
of the mouth. The mucous membrane reflected from the 
' tongue over the floor to the gums, forms in the middle 

I line the ao-called fnenum lingufe, which is a fold 

i running from the tongue to the lower jaw. It 

i is often thought by fond mothers to be too short in their 

I infants, and it can do no harm to divide it if it be remem- 

L - 1 Pflugor'B Archil', 1875, p. 89, 
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bered that the chief yeina of the tongue run under the 
mucous membrane of its lower surface on each aide of the 
frfennra. Just inside the symphysia and under the mu- 
cous membrane, on each side of the median line, lie the 
Snbiinguai sublingual glands, which open by a dozen or 
glands. more small ducts named after Rivini into the 
floor of the mouth. The glands extend backward for 
some distance, covered by the mucous membrane and rest- 
ing on the mylo-hyoid muscle. On the under surface of 
the sublingual gland runs Wharton's duct, which, accom- 
panied by a certain amount of glandular tissue, and aui*- 
rounded by a plexus of veins, winds round the posterior 
border of the mylo-hyoid, and opens just below the free 
portion of the tongue close to the fraenum. If the mucous 
membrane be carefully dissected up, or if a median section 
Suhllngml be made, a cavity known as the bursa aublingua- 
bursa. ]j^ jg foujij under the tip of the tongue and 
extending, according to Tillaux, as far as the first or 
second molar. It lies behind the aublingital glands and 
is partially anbdivided by the franum. It is lined with 
epithelium, and may be subdivided into many small cham- 
bers. It has been overlooked by many authors, but lately 
very well described by Tillaux. Under the genio-glossi 
are two muscles running from the symphysia to the hyoid 
bone, and serving to draw the latter forward, named the 
genio-hyoids. (See Plate II. 27.) Under this is the 

, , , mvlo-hvoid 029"), which forma the real floor of 
MnBcleaot •' ■' , . „ , , ,t 

the mouth and is called by Hermann Meyer, dia- 

It ai-iaes from the mylo-hyoid 
ridge inside the lower jaw, from opposite the beginning 
of the alveolar process to the symphysis. The anterior 
fibres run obliquely inward to meet those of the other 
side in a median raphe of fibrous tissue. The more pos- 
terior ones run to the body of the hyoid. Some fibres 
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above these described run from one side of the mouth to 
the other. The two muscles, forming indeed but one, 
curve downward in the middle, and the action consequently 
ia to raise tfie floor of the mouth, and it may be to pull 
the hyoid forward. The under or outer surface of the 
mylo-hyoid ia covered by a diatinct fascia, which sends 
prolongations round two musclea of much importance. 
These are the anterior bellies of the digastrics. (Plate II. 
28.) Imagine that we are looking at the subject from 
the outside, and that the head is thrown far bacii as if to 
malie room for an operation under the chin. We see 
above, the curve of the lower jaw, below and within it 
the hyoid, and the mylo-hyoid connecting them. Run- 
ning on this from each side of the symphysis are the an- 
terior bellies of the digastrica, which diverge from one 
another as they go toward the lesser horns of the hyoid 
to which the tendon between their anterior and posterior 
belliea ia attached. They divide the supra-hyoid region 
into three ; a middle one which is triangular, bounded be- 
hind by the body of the hyoid and on the sides by the 
anterior bellies which meet at the symphysia, and into 
two external ones between this muscle and the lower jaw. 
The apace between the digastrics contains fat and some 
lymphatic glanda and is shut in by another layer of fascia 
which runs off over the lateral region, and just inside and 
below the angle of the jaw is reflected round the submaxii- 
aubmasillary gland, which is inferior to the mylo- '"T eland- 
hyoid and sends Wharton's duct round its posterior bor- 
der. The gland extends inward to lie on front of the 
greater horn of the hyoid and rests on the hyo-glossus 
muscle. There are many lymphatic glanda in this re- 
gion and inside the capsule of the gland, which they may 
conceal when enlarged. The gustatory nerve as it goea 
into the mouth lies on the gland just before crossing the 
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mylo-hyoid, and by it lies the minute submaxillary gan- I 
glion which reeeivea its Benaory fibres from the 1 
tiary gun- gustatory, its motor from the chorda tympaai,. J 
which though in contact with the former nerve J 
has not yet become intimately associated with it, and ita 1 
sympathetic fibres from the facial plexus. It sends ita | 
branches to the sublingual gland and duct. The facial ] 
artery, as it passes from behind the jaw to get to the an- 
terior border of the masseter where it crosses the jaw, runs 
under and often through the submaxillary gland. Out- 
side of the fascia inclosing this gland there is found in 
the supra-hy old "region the platysma, which runs over the 
lateral parts to the face, then, especially in the middle, 
a layer of fat, and finally the skin. The lingual artery 
(Plate III. 35) has been left until now that its various re- 
lations might be taken at once. From its origin from the ■ 
carotid it runs towards the hyoid bone and lies parallel to i 
and just above the greater horn under cover of the hyo- 
glosaua. To tie it here, we have, beginning with a cut 
just above the greater horn, to cut down to the glaad and 
turn it upward ; we then see a triangle formed externally 
by the posterior belly of the digastric internally by the 
border of the mylo-hyoid and above by the hj'poglosaal 

, , nerve, which forma the base, the apex being be- 
Triaiifle of ' . . 

linsimi at- low at the leaser honi. The floor of this tri- 
angle is formed by the hyo^losaua, which must 
be cut through to reach the artery. The triangle is usu- 
ally said to be formed by the two bellies of the digastric 
and the nerve ; but as the anterior belly is often some- 
what internal to the border of the mylo-hyoid, this is the 
more accurate guide. As Gudrin pointa out, this muscle 
cannot be mistaken for the hyo-glossus, if it be remem- 
bered that the nerve is on front of the latter and passes 
behind the former. It runs into the tongue between the 



THE MOUTH AND CHEEKS AND CHJN. 



91 



geuio^!o88us and the liyo^loaaus, or aoraetimes in between 
the bundles of the latter. Before entering the tongue it 
gives off the sublingual branch wnich runs along the aide 
of the floor of the mouth on the mylo-hyoid near Whar- 
ton's duct and which anaatomoaea by small twigs, with 
the submental branch of the facial which runs below that 
muscle. The lingual artery sends off a branch which as- 
senda to the back of the tongue and aa it runs to the tip 
is called the ravine. Hyrtl has proved that there ia little 
or no communication in the tongue between the arteries 
of the two sides. The veins of the tongue con- veias of tha 
siat of four seta on each aide : (a) the doraal '""B"^' 
veins, that form a rich, submucous plejcns on the back 
of the tongue above the larynx, communicating with the 
veins of the tonsil and pharynx, and opening into the 
internal jugular or some of its tributaries ; (6) the two 
veins accompanying the lingual artery ; (c) two with 
the gustatory nerve ; and (d) two with the hypoglossal. 
Of these last the one below the nerve is the larger and 
more important. It has been called the ranine vein, and 
is seen on the lower surface of the tongue on each aide of 
the fnenura, It opens eitlier into the facial or the inter- 
nal jugular vein, and ia of some surgical importance, aa it 
crosses tiie little triangle in which the lingual artery is 
tied. The hyo-glossus lies between this vein and the 
artery. The veins that accompany the ai'tery have sev- 
eral anastomoses with one another, and aometimea form 
an approach to a network around it. The different sys- 
tems of veins in the tongue communicate freely with one 
another.^ 

1 Zuckerliand], Mediiinische Jahiiiikhcr, 1BT6. 
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CHAPTER IX. 

THE REGION OF THE RAMUS OP THE JAW. 

To complete the description of the face there remaiiiB 
Joint of *'i^ region of the ascending I'amus of the lower 
^"'' jaw and the zygomatic and ptery go-maxillary 

fossae which are covered by it. The condyle is not 
placed transveraely bnfc slants backward and inward so 
that lines drawn thi-ough the axis of the two would meet 
at about the anterior border of the foramen magnum. 
Just behind the condyle is the tympanic plate forming 
the anterior \vail of the ear, to guard which the zygoma 
sends downward a small process behind the jaw, Oa 
front of the glenoid cavity there is a strong transversa 
eminence which deepens the hollow and on which the 
the jaw moves. There is an inter-articular cartilage 
{Plate III, 23 and Plate IV. 24) between the glenoid 
cavity and the condyle which divides the joint into two. 
There is a strong external ligament with fibres directed 
backward and downward, which is but loosely attached 
to the fibro-cartilnge, and is inserted just below the con- 
dyle. This may be said to suspend the jaw, and the axis 
on which the jaw revolves in opening runs through its 
insertion, so that when the mouth is opened the condyle 
advances on to the articular eminence and the angle 
passes backward and upward. As will be shown, how- 
ever, this is probably not the whole story. The internal 
lateral ligament is double, consisting of a short and a 
long portion. The former, which has received hardly 
the attention it deserves, arises in common with the 
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other from the spine of the aplienuid and the border of 
the glenoid cavity and is inserted into the inside of the 
neck at a point opposite the insertion of the external 
ligament. The long part of the internal ligament is a 
thin band that runs to the spine on front of the entrance 
to the dental canal. Besides these ligaments there is a 
capsule surrounding the two joints. The fresh joint pre- 
sents a much narrower and deeper cavity than one would 
expect from the appearance of the skull. This is largely 
due to fibrous tissue on front of the tympanic plate. 
The bone forming the top of the glenoid cavity is thin 
and tninslucent. It has been broken by blows that drove 
the condyles against it. The temporal muscle has been 
described, with the exception of its insertion, 
which 'is into the tip, front, and back of the at lem- 
coronoid process and into the whole of its inner 
surface. It passes but slightly on to the outer aspect, 
but occasioually it may reach down far enough to meet 
the masseter. The ramus of the jaw is inclosed by two 
muscles having very similar attachments — the masseter 
(Plate III. 28) on the outside and the internal pterygoid 
on the inner. The direction of the fibres of the former 
is downward and backward, that of those of the latter is 
also outward. Judging from pictures and descriptions, 
one would think that there must be considerable diversity 
in the insertion of the masseter, and this is true, as may 
be seen by the varying size of the depression for it on the 
outer side of the ramus ; a part of the variation, however, 
is due to that of the jaw. The superficial part running 
downward and backward is inserted into the ramus as 
high as the alveolar process. The deeper layer, distinct 
from the upper, is more vertical, and is inserted as high as 
the base of the coronoid process. The head of the lower 
iaw and the posterior part of the ramus are uncovered by 
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muscles, The internal pterygoid (Pljite III, 24), which is 
inserted into the jaw as higli aa the dental 
and ptery- canal, goes far to fill up the space between the 
ramus and the skull, excepting that taken up 
by the ejcternal pterygoid. There is, however, a good 
deal of apace left between these muscles that ia occupied 
by fat, in which lie numerous vessels and nerves. The 
masseteric fascia runs in on the back of this muscle, 
which forms the front part of the parotid space. The 
masseter closes the jaw, the internal pterygoid does the 
same, and also moves it laterally, that of eiich aide draw- 
ing in the condyle at ita own side, and thus throwing the 
condyle of the other side forward and outward and turning 
the chin to its own side. The external pterygoid (Plate 
III. 23) arises by two heads, one from the under surface 
of the great wing of the sphenoid, the other from the 
external pterygoid plate. These unite and run almost 
horizontally backward and somewhat outward to the 
head of the jaw, and also to the inter-art! eular fibro-car- 
tilage, and thus take part in opening the jaw. I£ the 
jaw be kept shut the combined action of these muscles of 
both sides ia to slide the under teeth in front of tlie upper. 
The forward direction of the fibres of the temporg 
which is the chief closer of the jaw, is calculated to ) 
verse tliis movement. 

Thus it appears that, with the exception of the ex- 
ternal pterygoid, all of these muscles close the 
muaciuB AC jaw, and none of them open it, though that one 
assiste in tlie act. If the mouth be kept closed 
by atmospheric pressure assisted by the adhesion of the 
mucous surfaces of the tongue and palate, it i 
that there is need of some muscle to open it, and it 
evident that when it is opened widely strong m 
action takes place, I believe the most important muaol 
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for this is the digastric, wMch arises under cover of the 
mastoid process from the baae of the skull, is fastened by 
a loop of fascia to the hyoid, and then runs to the very 
fi'ont of the jaw. It is probable that the hyoid is fixed 
by the muscles inserted into it, and thus allows especially 
the anterior bellies of the digastrics and the genio-hyoida 
to draw ttie symphysis downward. 

The external carotid divides just behind the neck of 
the jaw into the temporal and internal max- 
illary arteries. The latter lies at first between mmiiittry 
the jaw and the long internal ligament, then in 
contact with the pterygoids, and passing, as a rule, be- 
tween the heads of the external one, runs into the spheao- 
maxillary fossa. In the first part of its course it gives off 
the middle meningeal, which enters the foramen spinosiim, 
a small meningeal for the foramen ovale, and the inferior 
dental that entei-s the dental canal after giving off the 
inylo-hyoid branch which runs below that muscle. The 
■ftrtery also sends the tympanic branch through the fissure 
Glaser into the cavity of the tympanum. While in 
'the fat of the pterygoid region the artery gives origin to 
'the deep temporals, two or three in number, that run be- 
tween the bone and the temporal muscle, and other 
branches to the muscles of the jaws and to the bucci- 
nator. In the deeper part of this region there is also a 
very rich plexus of veins called the ptei-ygoid plexus, 
■which communicates with the deep and superficial veins of 
the face, with those of the orbit, and, it may be, through 
the ophthalmo-meningeal, with those of the pia mater. 
The natural course of the blood in this plexus appears 
to be into the temporal vein. 

The foramen ovale, through which passes the third di- 
vision of the fifth pair of nerves, is situated internally to 
the origin of the external pterygoid. This division is 
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compostid of a motor and sensory toot which unite as tliey ' 
Tiiird divis- P^^ through the foramen and immudiately sep- | 
wilr'of''"' ^'^^^ agiiin after a slight interchange of fibres, 
nerves. Xhe branch that ia chiefly motor gives branches 
to the muscles of mastication, and one — the long buccal 
— which passes through the buccinator, to the mncoua 
membrane of the mouth. The larger or chiefly sensory ' 
part divides into the auriculo-temporal, which arises by ' 
two roots inclosing the middle meningeal artery, puaaea 
behind the external pterygoid and the head of the jaw 
into the parotid gland, and thence to the side of the head, , 
and into the inferior dental and gustatory (Plate III. 18), 
which have at iirst a similar course. They are at first, of 
course, on the inner side of the external pterygoid, and at 
its lower border they lie between the ramus and the in- 
ternal pterygoid. The gustatory ia on front, and gradually | 
separates from the dental as it goes to the side of the I 
mouth and tongue, as already described. This nerve iB I 
Ctordft joined soon after its exit from the skull by the ! 
lympfloi. chorda tympani from the facial, which emerges I 
from the fissure of Glaaer and passes under cover of the 
condyle. The dental nerve runs to the canal in the in- 
ferior maxilla. The upper opening of this is about mid- 
way between the anterior and posterior borders of the 
ramus, and in a line with the tops of the teeth of the 
Knir»DCB lower jaw, and often a little higher. The nerce | 
of deiitat ^ny Ijq resected here by trephining through the 

ramus, an operation which I believe was first J 
performed by the late Dr. John C. Warren.' The gus- 
tatory nerve is at the level of the opening, so near the an- 
terior border of the jaw that there is no danger of its be- 
ing mistaken for the dental. The artery of this name is 
close to the nerve, at first lying deeper, and as they enter 

1 Bolton Medical and Sarr/ical Journal, vol. i. IB28. 
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the canal, on front of it. The nerve like the artery has a 
mylo-hyoid branch to sapply that muscle and the anterior 
belly of the digastric. Just behind the foramen spinosum 
is the otic or Arnold's gangUon which receives otic 
its sensory and motor roots from the third di- ganglion. 
vision of the fifth pair, and its sympathetic one from the 
fibres accompanying the middle meningeal artery. It is 
joined by the lesser superficial petrosal from the tympanic 
branch of the glosso-pharyngeal nerve, and sends branches 
to the tensor palati and tensor tympani muscles, — a sug- 
gestive arrangement which will be considered later. 
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CHAPTER X. 



THE PHARYSS. 



The pharynx ia the apace situated on from 
tebral column, under the base of the skull and behind 
poBtetior nares, the soft palate, and the back of the tongue : 
it may or may not communicate with the moutli. It nar- 
rows below to open into the trachea and oiaophagus. The 
posterior wall of the pharynx foUowa, of course, the curve 
of the spinal column, from which it is separated by the 
prevertebral muscles ; but the upper angle between the 
atlas and the basilar proceaa ia rounded off as the superior 
constrictor ia attached to a tubercle on the under surface 
of the latter some half inch on front of the foramen mag- 
num. The views presented by Plates III. and IV. are ex- 
ceedingly instructive. In the latter is the posterior wall 
and the mucoua membrane lining it, which are cut in their 
oblique course. lu Plate HI. as well as in Fig. 6, we see 
the posterior openings of the nasal cavities, and under 
them the soft palate, which when the mouth ia closed liea 
on the back of the tongue, the uvula filling a median de- 
pression on the back of the tongue juat above the fora- 
men cjecum ; below this the front of the pharynx 
toapiB to is formed by the back of the tongue which is 
p aryoi. uneoYered by the soft palate. This is the por- 
tion free from papillje, and is nearly vertical. In the 
view from behind it is hidden by the epiglottis. Below 
thia is the larynx guarding the entrance to the vrind- 
pipe, which may be described as a box in the lower part 
of the pharynx and on front of the direct continuation 
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that cavity. It la easy to see how the falling back of the 
tongue upon the glottis during anifiatbeaia may produce 
suffocation, To take mure in detail the different parts 
of the walls, we must begin with the posterior nares 
which are seen in Plate III. and still better in Fig. 6, It 
is opposite to them that the pharynx has its greatest an- 
tero-posterior diameter, for the soft palate lying on the 
back of the tongue extends backward aa well aa down- 
ward. On the aide of the pharynx, in a line with the infe- 
rior meatus, and just back of the hard palate, there is the 
opening of the Eustachian tube guarded by a 
very prominent fold of mucous membrane which F. 
ia usually hoi-se-shoe shaped, with the opening 
below and with the stronger fold behind. In Plate III, 
(25) the cut has fallen on the right side just behind the 
opening, and consec^uently through the posterior fold and 
the very beginning of the canal. In fact, it is so close 
to the beginning aa to be on front of the inferior wall, 
and it will be noticed that the canal is open below while 
on the left side of the plate it is closed. Behind the pos- 
terior fold there is a pretty deep depression at the poste- 
rior superior angle of the pharynx called the fossa of 
RosenmuUer, which may be mistaken for the 
opening of the tube by the beginner in catheteri- Romn- 
zation. Although outside of the pharynx, the 
Eustachian tube is to be described in this place, owing to 
the relations of the soft palate to muscles attached Eustattiian 
to it. It is a canal connecting the pharynx with ^"''=- 
the middle ear. It extends backward, outward, and up- 
ward from the posterior border of the internal pterygoid 
plate to the angle formed by the petroSs and squamous 
portions of the temporal bone ; and the walls of this part 
of its length — about three quarters — are cartilaginous. 
On entering the bone it.runs backward and outward to 
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the cavity of tlie tympaDum. The cartilaginous part. I 
which oecupiea the inner side of the inemhranous part, i 
shows great diversity of shape. The upper part, however, 
is turned over so as to bound the upper part of the outer 
side which is completed by membrane. As it goes back- 
ward the tube becomes smaller, and as it approaches the 
bone the canal ia circular. After entering the bone it 
expands gradually into the tympanic cavity. It lies just 
outside of the carotid canal (Plate IV. 13), and above it 
is the canal for the tensor tympani muscle. Aa is s 
Heifltions '^® plates, two muscles arias from it, and these ] 
^musuiea ^^q jjig levator and tensor palati respectively. I 
The levator palati arises from the cartilage of the i 
tube and from a small portion of the petrous bone, and ex- I 
tending downward and inward expands in tbti soft p 
The tensor palati (Plate III. 27) arises from the scaphoid j 
fossa of the internal pterygoid plate and from the spine o£J 
the sphenoid and the edge of the tympanic plate, and froinl 
the outer side of the Eustachian tube between these pointsJT 
The outer side, be it remembered, is the one which ii 
pleted by membrane. The muscle runs down between 
the internal pterygoid plate and the muscle of the same 
name and turns sharply inward under the hamular proc- 
ess. It spreads out in the upper part of the soft palate. 
This is the muscle that above all otliers tends to pull apart 
the flaps in cleft palate. It ia very properly called tensor j 
palati, but it deserves equally well its more modem nam© I 
of dilatator tutCB as the act of swallowing opens the tube. , 
Thia point has been made use of by otologists. ,It is p 
sible with a little practice on one's self to open the tube I 
and either to foftie air in or di-aw it out of the middle e 
as will be felt by the membranes of the drum being eithera 
driven out or drawn in. Such experiments, however, arsi 
not to be recommended. The otic ganglion gives nervei^ 
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to this miiacle and to tha tensor tympani, which is the 
most important in regulating the tension of the drum ; and 
this su^ests that tha otic ganglion may preside over 
what can be called tlie accommodation of the ear, just as 
the lenticular ganglion does over that of the eye. The 
Eustachian tube contains glands and is lined with ciliated 
epithelium. It is closed when the parts are at rest, but 
it is essential for good hearing that it should admit of be- 
ing opened. 

The other muscles of the palate are the palato-pharyn- 
gei that run off down the posterior pillars of Mu^jes ot 
the fauces and the two improperly called azigoa P»i»w. 
uvulie on each side of the middle luie. The soft palate 
may be divided into at least five layers ; a central muscu- 
lar layer, on each side of which is a submucous one con- 
taining many glands which are, however, most numerous 
r below, and then two mucous membranes, of which the 
lone toward the pharynx which is in continuation with the 
aspiratory tract is covered with collumnar ciUated epi- 
IfiBielium. The palate may be said, as already stated, to 
plit at the sides into the anterior and posterior pillars of 
the fauces, and between these are the tonsils, situated 
l^ery close to the tongue. It is to be regretted that they 
iave not been struck by any of the sections. In that 
Hrhich is represented in Plate IV. the right one can read- 
SSly be seen by drawing aside the posterior wall of the 
irynx. They correspond pretty nearly to the position 
^le of the jaw, and are aepai'ated from the " "*' ' 
internal carotid artery merely by the wall of the pharynx. 
e artery is a trifle posterior to the centre of the tonsil, 
t is supplied with blood not only by the tonsillar branch 
* of the facial artery that enters its base, but also by 
L nfflghboring twigs from the facial and ascending phar- 
When inflamed it is exceedingly vascular. 
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When the mouth is closed we find the tongue appearing 1 
at the lower border of the soft palate. It forma a nearly I 
vertical wall and is free from papillfe, very different from I 
the anterior part of the organ. It is easy to see how, 
if it falls back, it will press the epiglottis across the I 
larynx. The mucous membrane becomes thin aa it passes 
from the tongue on to the front of the epiglottis, and 
it is thrown into threo folds, one in the median line and 
one from each side of the epiglottis. These folds bound 
two depreaaions on front of the epiglottis in which foreign J 
bodies are occasionally lodged. If we reckon the spaceJ 
in which the larynx ia placed as belonging to the phar- 'f 
ynx, we may aay that at the level of the epiglottis it is | 
bounded by the hyoid, which forms with its horns a se 
circle on front. Under it and parallel with it are the-l 
wings of the thyroid cartilage, and inclosed by these, is i 

the cricoid that forms the walla of the larynx. / 

The mucous membrane covering the cricoid J 
covers also the arytenoid cartilages and those of Wris- 
b(!i^, and then runs on to the sides of the epiglottis, mak- J 
ing the boundary of the opening of the larynx. Between J 
this fold and the thyroid cartilage is a depression, the J 
pyriform foaaa, in which foreign bodiea ahould be looked J 
for. Directly behind the cricoid cartilage is the end of | 
the pharynx which pasaea into the ceaophi^us at its lower I 

border. It is here very narrow ; and as it is 
very nar- closed before and behind by unyielding walls, \ 

the cricoid and the vertebne, this is the placa J 
where any large foreign body is likely to be arrested on J 
its way to the stomach. The posterior wall of the phar- I 
ynx presents nothing for description unless it be its re-' J 
lations to the subjacent parts. The upper angle : 
rounded off, as the tubercle to which the pharynx is at- J 
tached is half an inch on front of tlie foi'amen magnunt. I 
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and also as tbe basilar process is not horizontal, but ob- 
lique. A probe lying on the floor of the naces strikes 
the atlas, and it is the long body of the axis that is oppo- 
site the back of the soft palate. The succeedirg verte- 
brsB are less deep and the lower border of the sixth is op- 
posite the, beginning of the oesophagus. 

The walls of the phai'nyx are formed by the tliree con- 
Btrictors, the fibres of which have, on the whole, 
B transverse direction, and by longitudinal fibres 
Kof the palato-pharyngeua muscle, some from the Eus- 
Ktachian tube, and of the stylo-pharyngeus that enters the 
rpharynx between the superior and middle constrictors, 
■!Flie constrictor muscles overlap one another from below 
^iward ; thus the highest passes under the middle one 
Kfind that under the lowest. The origin of the highest 
[corresponds in general mth that of the buccinator, the 
wo meeting at the pterygo-masillary ligament. This 
Kconstrictor arises also from the tongue, the back of the 
■inylo-hjoid ridge of the lower jaw, and the lower third of 
[the internal pterygoid plate. The Eustachian tube passes 
liOver its side and the tensor palati is outside of it. The 
[inost peciiliar is the middle constrictor, which, together 
lirith its fellow, has the shape of a diamond ; arising by 
vtwo of its points from the hyoid, it reaches by its upper 
.nearly or quite to the basilar process, and by its lower 
nearly to the cesophagus. The mucous membrane con- 
tains many glands and lymphoid follicles. Outside of 
the muscular coat is a layer of connective tissue Mucous 
that may pass as a fascia, and this is connected °'"°' """' 
with loose areolar tissue between the pharynx and the 
prevertebral fascia that covers the muscles. This allows 
i motion of the walls and at the same time affords 
■tbem some support. The mucous membrane is said to 
supplied by the glosso-pharyngeal nerve, and the 
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muscles mostly by the pharyngeal branch of the pneumo 
gastric ; but these nerves and the sympathetic are in the 
freest inter-communication. According to Jacob of Mu- 
nich,^ they form two plexuses, an intermuscular and a 
submucous, precisely analagous to those of Auerbach and 
Meissner in the intestines. The relations of ij^he impor- 
tant vessels and nerves on the side of the pharynx, must 
be taken as a part of the following chapter. 

1 Virchow and Hirsch, Jakresbericht, 1873. 
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CHAPTER XI. 

PAROTID AND SUIiPAROTID REGION. 

Let the reader now look at or imagine a akiill with the 
spinal colamn attached, and then imagine it covered by 
the soft parts that have been described up to this point. 
If he does so, he will see the skuU, the face, and the 
pharynx, the latter filling the interval between the face 
and the spinal column, but aU the soft parts back of the 
ramus of the jaw will be wanting, and the cavity between 
the jawB, the mastoid process, the base of the skull and 
internally the pharynx, wiU be especially striking. The 
entrance to this space from the side is triangular on the 
b skull, or rather it is between two lines that meet above, 
f The anterior is the back of the jaw, the posterior the 
front of the meatus and lower down the mastoid process. 
Somewhat deeper and lower than this is the lateral 
mass of the atlas (Plate V. 20), which can be felt dur- 
ing life. Running into this space is the styloid process 
(Plate IV. 38), which ia of importance in dividing it 
into two regions, a superficial and a deep. This space 
I is much diminished when the muscles are in place. The 
Ktbick stemo-mastoid runs up to the mastoid process, pass- 
ing just behind the angle of the jaw when the head is in 
Dihe natural position. The digastric arises from the di- 
Igaetric groove under the mastoid process, and lies under 
i'tfaat muscle till it passes under the angle of the jaw and 
u attached by its central tendon to the lesser Rjigjion, ^j 
horn of thehyoid. The styloid process has three '^'gif^'jIJ*' 
I muscles arising from it, of which the stylo-hyoid miuclei. 
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is the most superficial. It is juat on front of the posterior 
belly of the digastric till the latter passes through it near 
the hyoid. (Plate IV. 28 and 2ti.) The stylo-glossna 
runs forward to the tongue and has nothing to do with 
the space we are now considering. The atylo-pharyngeus 
runs inward to the pharynx. From the styloid process 
comes also the membrane known as the sty lo-ra axillary 
ligament, that runs to the back of the jaw, joining the fas- 
cia that covers the hinder surface of the internal ptery- 
goid, and is continuous with the maaaeteric. The cavity 
between these muscles may be called pyramidal. The 
base is at the skin and the apex at the styloid process. It 
contains the parotid gland, and is of great surgical im- 
portance. The general arrangement of the fascise has 
been described, but some additional details are wanting. 
The fascia of tlie neck which incloses the atemo-maatold, 
spUts on front of it to form the capsule of the gland. 
This splitting, however, does not take place im- 
mediately at the border of the aterno-mastoid, 
but a little on front of it, bo that it is possible, when the i 
head ia thrown back and the face turned away, to dissect 
in deeply behind the gland. The capsule of the gland 
sends in numerous fibrous partitions that subdivide it into 
small lobes. The gland extends inward against the sty- 
loid muscles and fascia forward, to the internal pterygoid, 
and upward to the back of the neck of the jaw, the car- 
tilaginous, and a little of the bony meatus. The gland 
sends off two prolongations, a deep and a superficial. The 
former, passing through an opening in the fascia 
lions DfpHr- on front of the styloid process, extends inward 
to the pharynx and goes forward imder the in- 
ternal pterygoid. (Plate III.) This prolongation and the 
relations of lai^e blood vessels makes the extirpation of 
the entire gland an impossibility. The superficial pro- 
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longation Is a certain amoimt of glandular tissue that 
accompanies the duct on to the cheek over the masseter. 
This has been called the socia parotidis, Steno'a duct runs 
in a line from opposite the lower border of the lobe of the 
ear to midway between the nose and the lip. The former 
of these points ia, of course, rather variable, but 
the line given ia sufficiently accurate : a branch Steno'a 
of the facial accompanies the duct. When the 
latter reaches the border of the masseter, it turns over a 
very constant deposit of fat which lies on front of that 
muscle and then pierces the buccinator obliquely opposite 
the second bicuspid of the upper jaw. Concerning the 
parotid it remains to be said that, besides this prolonga- 
tion, the gland itself overlaps more or lesa of the maaseter 
above the angle of the jaw, and also that the lower part 
of the sheath that separates it from the sub-maxillary 
re^on ia very well marked. 

The capsule of the parotid contains not only the gland- 
ular tissue but also vessels and nerves of very great 
riniportaace as well as some lymphatic glands ; but to 
A>tain a connected idea of these structures, we must take 
t once the space below the gland in the neck and also 
lat between it and the pharynx. At the level of the top 
f the thyroid, or often a little higher, the common carotid 
divides into its two branches. Below that point the 
bery, internal jugular, and pneumogastric are in a bo- 
alled sheatli, namely an accumulation of areolar tissue 
Hfiorrounding the vessels and nerves and passing between 
This state of things continues around internal 
the internal carotid, the external going alone. ""°''^- 
. At the point of bifurcation the internal carotid lies outside, 
ind behind its fellow, but almost immediately it changes 
B and runs more deeply inward. It goes np witii 
me vein and nerve (Plates IV. and V.} under the paro- 
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tid gland, the-Btyloid muscles, and the styloid process that 
help to form the parotid chamber, to the base of the skull. 
It lies oloae against the walls of the phaiynx, and, 
stated elsewhere, just external to the posterior part of tl 
tonsil. The artery is on front of the vein, and goes into 
the carotid canal; just behind and inside of this J 
nervous pai't of the posterior lacerated foramen through! 
which pass the pneumogaatric with the spinal accessory^ 
close behind and the glosso-pharyngeal a little in front of 
it. Behind both this and the carotid canal, and it may 
be extending decidedly outside of it, ia the jugular fora- 
men and fosaa, which when large contains the expanded 
beginning of the vein. When the parotid haa been re- 
moved, a little dissection shows the stylo-pharyngeus mus- 
cle from the root of the styloid process riinniiig down- 
ward and inwai'd to the pharynx like a curtain, and di- 
viding the deep space into a posterior one between it and.. 
the prevertebral muscles which contains the importaafefl 
vessels and nerves, and an anterior one between it and t 
pterygoids of less consequence. The gloaao-pharyngea| 
nerve runs forward between the internal carotid and thi 
vein to the outer side of the stylo-pharyngeua to the sidi 
of the pharynx. It gives off the tympaniflJ 
branch (.lacobson's nerve) that enters the veryJ 
constant bnt minute canal on the ridge in the temporal^ 
bone that separates the carotid and jugular openings. 
It joins the facial nerve at the geniculate ganglion and 
also the sympathetic and the large auperfieial petrosal 
from the spheno-palatine ganglion. The pneumogaatrioJ 
keeps between the vein and artery, giving ofE an auricu'* 1 
lar, a pharyngeal branch going to form the plexnsei^.J 
already mentioned, and the superior larnygeal which r 
towards the larynx under the internal carotid. The s^l 
nal accessory nerve consists of two parta, the ace 
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whicli joins the ganglion o£ the root of the pneumogaa- 
Irio anil the muscular briinch that pHBses, backwanl usu- 
Brlly. under tlie jugular vein and then tunia outward to go 
through the Bt«mo-ma»toi(l into the triiijeziuB. These 
nerves, together with the sympathetic, form many com- 
plicated anastomoaea at the base of the skull, but the 
arrangtsment is ao complex and the physiology bo unsatis- 
factory that it is not worth while to enter on the question 
in a work of this kind. Besides these nerves, p^,,^) 
there are the facial and hypoglosaal that must "''"■^■ 
be spoken of in this connection. The former, emerging 
from the stylo^mastoid foramen, sends off branches to the 
posterior belly of the digastric and the atylo-hyoid, and 
the posterior auricular which supplies the little retractor 
of the ear nnd the posterior belly of the ocdpito-frontalis. 
The nerve almost immediately after its exit plunges into 

■■ the parotid, which it strikes in the posterior part of its 
: surface, and runs horizontally forward in it, be- 
soming more superBcial aa it goes on. Inside the gland 

lit divides into many branches, which are assembled into a 

■'tjemporo-facial and a cervico-faeial group, and these emerge 
fom the front of the gland. Division of thia nerve of 

Vwmrse causes a very general facial paralysis. It is joined 

■in the substance of the gland by the auriculo- temporal 

■«f the third division of the fifth pair. 

The anterior condyloid foramen, through which passes 

Ftbe twelfth pair, the hypoglossal, is internal to Hvpogioj- 

WfaA not much behind the nervous part of the ""' 
{ngular foramen. The nerve ia united by connective 
Bsue and by some libres to the pneumogastric, around 

(irhich it turns. It then runs outward between the ar- 
bery and vein, and descends toward the neck on the inner 
e of the digastric and stylo-hyoid behind the paro- 

ftid. Leaving it there, we will now return to the external 
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carotid at its origin. It runs more directly upward thaa! 
External ^^^ stenio-mastoid, and consequently ia freofl 
carotid. from its ajiterior border. The position 
the head is of great importance, changing its relationsj 
just as the position of the arm changes those of tb 
axillary artery. When the spaee behind the jaw i 
made as lat^e as possible, it is quite free from the sterao- 
mastoid ; when the jaw is drawn down, the artery is% 
under cover of its angle. The brandies of the external 
carotid are given off in rapid succession, and usually all 
of them except the two terminal ones and the posterior 
auricular before entering the gland. The lingual an( 
the facial are both directed downward, and are tortuouHB 
in order to be able to share in the movements of thsl 

parts without danger. These branches aU| 
tiona (0 par- anastomose freely with one another, and ( 

sequently it is not rare to find one smaller than 1 
usual and the neighboring one correspondingly enlarged. 
The external carotid enters the parotid gland, but aa 
Tillaux ^ claims, and I believe with justice, no accurate 
details have been given by any one before him. He is 
certainly correct in stating that the artery does not enter 
the gland from below, but on the inner side at a point j 
which is variable. He places it usually opposite thai 
junction of the lower and middle third of the ramus ol^ 
the jaw. As it ascends, the vessel becomes more super* 
ficial, and just behind the neck of the jaw it divides intal 
the temporal and internal maxillary arteries, ■which, withfl 
their veins, make this a dangerous place. The posterioi 
auricular arises in the gland, and the occipital before tha'a 
carotid enters it about opposite the facial artery. The! 
occipital is of importance as the hypoglossal nerve, passinga 
from under cover of the digastric, turns forward under i& 

1 Traill d'AncUomie Topngraphiq^xe, 1876. 
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and crosses the carotid, giving off as it does so to the de- 
scending branch. The parotid is well supplied 
with veins, which in disease of the gland be- 
come, as is usual, much enlarged. Their arrangement is 
unce;tain. The external carotid has no true companion 
vein, but a temporal vein passes through the gland, some- 
what superficial to it, behind the ramus, receiving the 
veins from the side of the head, the internal maxillary 
from the pterygoid plexus, and other deep veins. After 
leaving the gland, but sometimes before, the vein divides 
into two branches, one of which runs back from behind 
the angle of the jaw over the sterno-mastoid, and receiv- 
ing the posterior temporal and others, becomes the exter- 
nal jugular vein, whUe the other branch opens into the 
facial, and with it carries its blood to the internal jugu- 
lar. The facial vein leaves the face at the angle of the 
jaw, and in spite of variations one may be very sure of 
of finding a large venous branch at this place, running to 
the internal jugular. Before leaving this region a word 
should be said of the lymphatic glands. There is a 
chain of deep ones along the internal jugular vein extend- 
ing from the base of the skull down the neck, and it is 
important to know that there are a few not only over 
and under the parotid but in its interior. 
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The outer ear (piDua), which is said to collect t 
waves of sound, is probably of little practical value in t 
human species. It is made of elaatic cartilage, areolar ti 
aue, and skin. Much might be said of the divereity a 
form it pi'esenta but it is suihcient here to give the namel 
of its more marked folds. The narrow one that boundl 
the upper and posterior edge is the helix, and the less d 
tinct one inside of and in pai-t parallel to it is the ant| 
helix. The short but very distinct prominence at i 
attached border just on front of the canal is the tr^aoj 
which is separated by a notch from the anti-tri^us 1 
hind. Just under the notch is the lobe. The walls c 
the general cavity that leads into the meatus constitatfl 
the concha. The greater part of the ear is cartilaginoiU 
and the skin is closely adherent to it. It is least so o 
the posterior surface of the concha. The lobe contains c 
cartilage whatever, and thus earrings may work their w 
through it slowly or be torn through nvithout great t 
lence. 

The ear is attached by ligaments to the root of t 
zygoma and mastoid process. The superior and anterior 
muscles of the ear have been alluded to in connection 
with the soft parts of the side of the head. Tlie posterior 
is deeper, arising from the mastoid process instead of the 
aponeurosis, and is easily found, which ia more than can 
be said of the others. The muscles of the pinna itself a 
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quite nnworthy of deMTiption. The (;xt«mal ineatiw is 

the paaaage from the concha to the middla ear, ij^igrtjiii 

from which it in BCparated by tho inemlfmne "'"■'"■■ 

of the tympanum. It varies in length from an inch to 

an inch and a quarter and runs forward and inward. 

It \» formed at finit hy uartilagu, and for nearly two thirds 

of ifa) length by hone. Ita roof, indeed, is entirely of 

boDe, for it begins directly under the itygoma, which is 

more prominent than the lower part of the auditory proc- 

M, and the cartil^^ does not form a oompleUi tiibia bnt 

' U wanting on top. The curtilage may be milHlivided 

Bfl is se«n on the left of Plate IV. The same plato 

■howB that at first the canal rises decidedly ; at about two 

thirdit of the way !t bends downward, and the point 

where this change takes place is the narrowest in the 

canal. The beginuing of the canal is oval, the greatest 

diameter being nearly vertical, and it is customary to say 

I that at the inner end it is transverse ; the canal at this 

I point, however, is about circular. The entrance is 

I guarded by the tragus and by hairs around its orllice 

[ vhich tend to arrest foreign bodies. The skin is con- 

t. littued at Hrst along the cartilage, and then along the 

r 1)one, where it is Intimately united with the periosteum, 

[ Bod finally it covers the membrane of the drum. If by 

I catarrh we understand an inflammation of a mucous 

P membrane, it is evident from the above that it is an error 

f to speak of a catarrh of the external meatus. Sebaceous 

(glands are found in the pinna and in the meatus, but the 

rdiaracteristic glands of the latter arc the cerumenous 

t'Ones found in the cartilaginous portion. In structure 

Ptbey are very like sweat glands. 

The membrane of the tympanum lu inserted into a 
I groove at the inner end of tho canal, except at MumiiMna 
t Uie iippot border. It Ib placed very obliquely V"!*"'- 
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to the axis of the meatus, being nearly parallel with the 
median vertical plane of the head, thus forming an obtuse 
angle with the posterior wall of the meatus and an acute 
angle with the anterior one. It is also iucHned laterally, 
BO that its lower border ia more deeply situated than the 
upper. It is probable that this position of the tympanum 
is for its better protection against sudden loud noises that 
would affect it more violently if it were at a right angle 
to the axis of the meatus. The membrane consists ex- 
ternally of skin, internally of the mncona membrane of 
the middle ear, and between these structures of fibrous 
tissue. The fibres for the most part radiate from the 
centre, but under these there are circular ones which are 
best seen at the periphery. The handle of the malleus, 
one of the little bones of the middle ear, lies in the sub- 
stance of the membrane in a little bed of fibro-cartilage 
discovered by Gruber of Vienna. It runs downward and 
a little backward, and ia easily distinguished when the ear 
is examined with the speculum. The relations of the 
external meatus are of interest. Above, the lower wall 
of the skull (Plate IV.) is pretty thick up to the point of 
the insertion of the tympanum. The front wall, formed 
by the tympanic plate, ia thin except near the junction of 
the cartilaginous part, and might be broken by blows on 
the jaw. Behind are the cells of the mastoid piocesa 
separated from the meatus by a thin plate of bone. 
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CHAPTER XIII. 



THE SPINE AND OCCIPITAL REGION. 

The spine is separated from the cavity of the pharynx 
by the prevertebral muscles and fascia and a certain 
amount of connective tissue under the latter. This tissue 
is most abundant at the upper part. The atlas (^.la^j^nj (,, 
is behind the upper part of the nasal cavity, and *"*'■ 
nnder it is the long body of the axis which reaches to 
about the level of the nv«!a when it is resting against 
the back of the tongue ; but when the mouth is opened and 
the soft palate raised, the axis can be felt through the 
mouth ; the third vertebra also and still others can be so 
reached. The lateral masses of the atlas are very promi- 
nent and are easily felt lower and deeper than the mastoid 
process, by pressing firmly inward on the Btemo-mastoid 
muscle. The point that is felt remains stationary when 
the head is bent and turns when it is rotated. The lateral 
masses of the axis are shorter. The vertebral vortebnd 
artery, which runs through the transverse for- "''*'■)'- 
Eoniua, has to turn outward aa it passes from the axis to 
the atlas, and having passed through the foramen in the 
I latter bone, winds backward and inward in the groove 
1 round the articular processes and then pierces the dura 
I mater. The groove in which it lies is frequently bridged 
over by one or more pieces of bone which may unite to 
form the roof of a canal. The vertebral vein or veins 
that pass through the foramina with the artery, take 
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their origin on the outside of the skull, though they have 
communications with the cranial and spinal cavities. 

The head, which rests by its condyles in the articular 
cups of the atlas, is not perfectly balanced, but has a teu- 
dency to drop forward, which is counteracted by the 
strong muscles of the back of the neck assisted by the 
ali^t elastic power of the ligamentum nuchEB. The 
space between the front parts of the lateral masses of the 
Odontoid ^^^^ ^^^ '^^ anterior arch, la filled by the odon- 
^Wave '"'"^ process of tlie axis, which is held in by the 
ligament, transverse ligament of the atlas which springs 
from a tubercle inside the lateral masses. It is not 
straight but much curved, aa may be inferred from Plate 
v., where its origin on each side of the odontoid is seen, 
but where the middle, going behind the odontoid, is cut 
off. This transverse ligament is sometimes called the cru- 
cial, owing to two processes which it gives off behind the 
odontoid, the upper of which goes to the occiput, and the 
lower to the body of the axis. The front and back of 
the odontoid process have each a cartilaginous surface for 
a synovial bursa. The anterior one spreads for some dis- 
tance around the odontoid, and sometimes communicates 
with the joints between the atlas and occiput. As is seen 
in Plate V., the odontoid projects up above the level of the 
atlas, to that of the anterior border of the foramen mag- 
num, or very near it, and thus is between the condyles of 
Check lig- *^® head. The very strong check ligaments 
amenta. which go from the top of the odontoid to tha 
inside of the condyles, pass but very little upward. It is 
to be noticed that some of their fibres meet behind the 
odontoid with those of the other side. These ligaments, 
as well as the transverse ligament, are very powerful, and 
keep the odontoid in the small space that is devoted to it. 
The joint between the odontoid and the atlas is a purely 
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rotary one, the head and atlaa turning on the odontoid 
and the articular surfacea of the lateral masses of the 
atlas and axis sliding on one another. These plates are 
inclined downward, outward, and backward, and when 
covered -with cartilage are nearly flat, bo that this sliding 
movement, which, of course, is essential to the rotation of 
the atlas, may take place. The amount of motion in this 
joint is estimated at only 60°, so that in actions requiring 
greater movement of the head other joints of the spine 
are called into play. The check ligaments received their 
name from a correct appreciation of their office in limit- 
ing rotation. Flejtion takes place between the atlas and 
occiput, and it is possible that when one condyle is made 
a fixed point, the other may perform some slight obliqne 
rotation. It is evident that the protection against dislo- 
cation of the odontoid is very perfect, and in executions 
by hanging there is far more likely to be fracture of the 
axis, or dislocation with or without fracture between the 
second and the third vertebrfe. As a rule, however, there 
ia no injury to the spine, and the common state- ^ -^^ 
ment, " the neck was instantly broken," rests on ""[f^J"' 
the newspaper reporters' preconceived ideae. banBing. 
The arches of the cervical vertebrse ate narrow, and their 
Bpinons processes short, that they may not interfere with 
extension, that is, throwing the head back. The spinous 
process of the axis is somewhat of an exception, as it 
needs to be rather long and strong for some muscles that 
5 from it. The result of this is that when the head 
I and neck are bent the spinal canal la but imperfectly 
protected. The great mjiss of mnscles that fill the space 
I between the base of the skuU as high as the superior 
I curved line of the occiput and the spine demands no de- 
I tailed description. Under the skin and subcutaneous 
I fascia is the fascia that incloses the trapezius, and going 
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outward becomes the fascia of the neck. The trapedi 
being removed, we see a triaDguIar space, subdi- 
htek III vided by the Ugamentum auchfe, filled by the 
fibres of the complexi passing up to be inserted 
between the two occipital lines. The boundarieB of this 
triangle are the aplenii lying on the complexi, and diverg- 
ing from one another to their terminations in the mastoid 
prucesH and outer part of the upper line under cover of 
Aciion of *''^ stemo-mastoid. The epienii (capitis) have 
fteaii. much to do with moving the head, and may act 
either as antagonists or associates with the 8t«mo-ma»- 
toids. If the two latter act together they bend the head J 
forward ; if tiie two former they throw it back ; or the 1 
stemo-mastoid of the right side will be assisted by the T 
Bplenius of the left in turning the face to the left, and 
while it assists in the turning it will oppose the bending 
downward that the action of the stemo-mastoid alone i 
Short would produce. Under these is a group of four 1 

muicloi o( ghort muscles acting on the head luid axis ; they ( 
iioi'k. fti-e the two straight and the two oblique mus- 

cles. The two largest and most important are the greater 
straight and the inferior oblique one. Both arise from 
the spinona process of the axis, the former going (in spite 
of its name) obliquely outward to the inferior curved line, 
iiud the latter to the transverse process of the axis. Thia 
one is consequently a rotator of the head. The jwints of in- 
sertion of these two muscles are connected by the superior 
oblique, and thus a very well defined triangle is formed on 
each side, in which ts seen the arch of the atlas, with 
the vevtebi-al artery, and from which emerges the pos- 
terior branch of the sub-occipital nerve. Though very 
plain it must be confessed that the triangle b of little 
sui^ioal value. The great occipital from the second cer- 
vical nerve appeai-s below the inferior oblique to make its 
r to the surface. 
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CHAPTER XIV. 



THE CIRCULATIOIT. 

The infcra-cranial circulation requires a separate chap- 
ter, while but a. few \TordB in adtlitiou to what is said 
elsewhere, will be sufficient for that of the outaide of the 
head. This is supplied wholly by the branches of the 
external carotid, with the exception of the frontal region, 
where those of the internal carotid reappear. The lin- 
gual, internal maxillary, and ascending pharyngeal are 
deeply situated, and the others, with some exceptions, run 
Buperficially. There is a very free system of anaatoraoaes 
h between the various branches and between the F,Badom of 
I deep and the superficial ones. Tliere are, how- ^""'"e"'.'^- 
I evBT, but few communications of importance ^^'^'^ °f 
f between tlie opposite sides. As a reault of this 
' freedom of union, we have the great danger of recurrent 
hemorrhage after wounds of the veBsela, which can be 
certainly averted solely by the ligature of both ends of 
a cut artery. The veins are large and numerous, but it 
^ will be sufficient here to refer to the many small branches 
I HDiting the tributaries of the external and internal jugu- 
ViaxB, and especially to the large communicating branch 
3ieaT the angle of the jaw. 

The circulation inside the skull, though governed by 

Fthe same laws na elsewhere, is modified in vari- Adah skull 

ous waya by the peculiar surroundings. Tlie Jl'^'ioa^ ^ 

adult skull ia practically a closed case, as the '"^'' 

. openings are completely filled by the vessels and nerves 
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passing through them, assisted in some cases by cartilage, 
and everywhere by the firm and tense dura mater. The 
brain is weU-nigh incompressible, and for these reasons it 
has been argued that the amount of blood in the skull 
could not vary; a conclusion which is absolutely un- 
founded. If instead of blood we read fluid the conclu- 
sion is very nearly accurate. I say very nearly^ for it is 
not impossible that some slight variation in the size of 
the brain may take place. Those who have upheld 
the former theory did not appreciate the importance of 
the cerebro-spinal fluid, which by its iree passage from 
and into the spinal canal, and the rapidity with which it 
may be secreted, is able to maintain the plenitude of the 
cranium. For physiological and pathological reasons the 
distribution of the arteries deserves careful attention. 
The carotid and vertebral arteries are strongly bent just 
before they enter the cavity of the skull, to break the 
force of their pulsations that otherwise might be injurious 
to the bram. The carotid and the internal jugular vein, 
which axe close neighbors in the neck, diverge as they 
pass through the skull. It has been suggested that as 
the blood in them flows in opposite directions, 
cranial the pulsations of the artery might interfere with 
tuous on the escape of the blood through the vein, if the 
nng. ygggejg Iqj Jq q, commou cdual. The vertebral 

arteries (Plate V. 14 and 24), after perforating the dura 
mater, run forward outside the hypoglossal nerves which 
cross over them, to meet and form the basilar at the be- 
ginning of the pons Varolii ; they first, however, give ofiE 
the spinal jarteries that run down the canal, and the pos- 
terior inferior cerebellar arteries (Plate VI. 8) which 
enter the sides of the fourth ventricle over the restiform 
bodies, and continuing backward between the vermiform 
process and the lateral lobes of the cerebellum, supply 



THE CIRCULATION. 



121 



the under surfaj^e of that organ. The basilar artery does 
not equal in calibre the combined size of the uii,ii„r 
vertebral arteriea. It sometimes has a median '"^'y- 
ridge on its inside, which is the remains of the walls 
which separated the two vessels that originally wera in 
its place. Thia hint serves to explain the occasion of an 
anomaly that I am inclined to think is not very rare ; 
namely, when the basilar ia formed entirely by one verte- 
bral artery, and the other, which ia throughout much 
the smaller, ends at a varying distance from its normal 
termination. The basilar gives off small branches to the 
pons and the anterior inferior cerebellar artery which is 
smaller than the inferior one. At the front of the pona 
it divides into the two posterior cerebral arteries that 
pass off at right angles with its course, and just before 
this gives off the superior cerebellar arteries which ram- 
ify under the tentorium. The curves and course of 
I the carotid have been described up to the point where 
' it leaves the cavernous sinus by the side of the sella 
turcica and piercing the dura mater by the anterior cli- 
noid process, curves backward before dividing 
into its terminal branches, the anterior and ■>' ini«rn«i 
middle cerebrals. Just after perforating the 
dm:a mater, it sends from its anterior convexity the oph- 
thalmic artery through the optic foramen. The ante- 
I nor cerebral arteries run forward and inward acroas 
the anterior perforated space to the median fissure into 
' which they pass, and ultimately run backward over the 
eorpns callosom. As these vessels reach the b«^nning 
of the median fissure they are connected by the little 
anterior communicating art«ry, which is hardly longer 
I tiutn it is thick. The middle cerebrab, which are the 
I direct continuations of the carotids, mn outward into 
the Silvian fissure. From their position they are partic- 
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tilarly liable to receive an embolus that is carried api^ 
through the carotid artery. There are two Bmall J 
branches, the posterior communicating, that run from 
the posterior cerebrals to the carotids, just before their 
final Bubdirision. These make the sides of the celebrated 
Circle ot circle, OF, as the purists will have it, the polygon 
Willis. of W'illis, This is formed by the posterior cere- 
brals, the posterior communicating, the carotid, the an- 
terior cerebrals, and the anterior communicating. This 
arrangement appears admirably adapted to secure a sup- 
ply of blood to all parts of the brain after occlusion of 
any of the main trunks, as for instance, after ligature of ^ 
one or both carotids ; but after a clot has passed the circlfti I 
its usefulness is at an end, owing to the few and tri&Ing'l 
anastomoses between its branches. An anomalous a 
rangement, which seems better than the nonnal one, 
not very rare. It consists in the posterior communicating, I 
opening into the middle cerebral instead of into the carcK I 
tid. Thus, if a clot should be arrested at the bifurcation f 
of the carotid into the anterior and middle cerebrals, the I 
latter important vessel would lose its supply of blood I 
if the arrangement should be normal ; but if this varia- 
taon occurred, the posterior communicating might carry & .1 
stream of blood into the middle cerebral beyond the ob- I 
struction. It should, however, be borne in mind that that 
posterior communicating arteries are often of very mmute I 
calibre, and there seems reason to doubt whether the circle I 
of Willis is BO admirable a system of anastomoses as one. 1 
at first supposes. Lefort ^ has found that of two hundred I 
and forty-one cases of ligature of the carotid, seventy-five, 1 
or nearly one third, were followed by more or less 8ei 
cerebral disturbance. The circulation of the brain has ] 
lately been very carefully studied by Duret,^ who has 
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corrected some generally received errors, and has worked 

out with great precision the supply of the different parts. 

One of the most striking, and to me incomprehensible, 

I arrangements whicti he has made out is the almost abso- 

I late absence of anastomoses. 

He dwells on the scarcity of communications of the 
I branches of the carotids with each other and 
I with those of the opposite side, and states that inveaiiea- 
1 the branches of the vertebrala anastomose freely, cerebral 
I'iThe arteries of the corpora striata are divided 
■'into an external and an internal group, and come from 
Vtbe middle cerebral, excepting a few inconstant ones from 
I the anterior. Their course, at first, is upward and out^ 
lirard, after which they turn forward, forming externally 
»eonvex curves. They have no aniiatomoses with other 
larteriea, nor with each other, and end in small " brushes " 
Fof branches. The arteries of the optic thalami are simi- 
plarly arranged, and come from the posterior cerebral, the 
I posterior communicating, and the choroid arteries. The 
rterminal branches of the arteries of the convolutions may 
■ be divided into two sets, those of the pia mater and those 
l*ntering the substance of the brain. Small arteries, 
■ramifying in the pia mater, are ^ven off directly from 
rthe larger as well as from the smaller branches, and it is 
(from the finest that the small nutrient arteries descend 
rectly into the cerebral substance. Duret denies the 
ffiisteuce of the network of arterial anastomoses usually 
■^described in the pia mater, and explains that one cause of 
r is that the yesaels often lie in two layers. He ad- 
mits, however, that there are some communications be- 
ween the arteries of the same aide and between the two 
38terior cerebrals. 

The general plan of the venous sinuses, has been sufB- 
f ciently described to be clear, especially with the assist- 



124 THE ANATOKTY OP THE HEAD, 

ance of Fig. 5, The veins of the bi-ain may be divided 
Tenons ^^^ three general sets, those of the convexity^J 
•y^" of the base, and of the interior. The first setfl 
open into the superior longitudinal aimia, entering it in sfl 
direction somewhat opposed to its current. The circoi 
lation in these veins is no doubt accelerated by the suc- 
tion power of the stronger current in the sinus. The 
veins of the base empty into the sinuses of the neighbor- 
hood, and to this system must be reckoned the ophthaJ*.1 
mic veins £rom the orbit. 

Duret haa shown that a lai^ vein in the Silvian 1 
sure is the only important comnaunication between thosall 
of the convexity and of the base. It is into this veinil 
that the ophthalmo-meningea of Hjrtl opens from the or- 
bit, and even, as stated elsewhere, occasionally from thsJ 
pterygoid plexus. The veins of the interior of the brain ■ 
and those of the choroid plexuses run into the great vein ■ 
of Cralen, which opens into the straight sinus in the ten- 
torium. 

There are several meningeal veins, requiring no de- 
Menlngeal tailed description, opening for the most part 
^ "■ outside of the skull; the largest corresponds iu 

general with the middle meningeal artery, but a part if 
not most of its blood passes out through the foramen 
ovale. One, however, runs along the border of the lesser 
wing of the sphenoid, becoming converted into a sinus 
that opens into the sinus cavernosus. It is the spheno- 
parietal sinus. 

The diploe of the bones of the vault is hollowed into 
Vanaof venouB canals which after middle life are much 
diploe. lai^r than in the young subject, and which, 
after the oblitei-ation of the sutures, communicate with 
one another. We are indebted almost wholly to Brea- 
chet for our knowledge of them. He describes a fe-ontal. 
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two parietal, and an occipital one on each side. The 
frontal one commimicates with the superior longitudinal 
Biniia, and through a pretty GonBtant foramen, with the 
Bupra-otbital veiu, as it passes under the supra-orbital 
notch. The anterior parietal with the middle meningeal 
_ vein, and tlirough a small opening in the great wing of 
lenoid with one of the temporal veins. The pos- 
berior parietal is in connection with the lateral sinas, and 
biay pass through the mastoid foramen. The occipital 
1 both externally and internally, usually at the oe- 
ttpital protuberance. These communications, however, 
ate vei-y uncertain, and when the venous system of the 
diploe is greatly developed, there is no doubt that many 
other openings into the sinuses and meningeal veins are 
to be found. An interesting feature in these veins is 
that they communicate with those o£ both the outside 
and the inside of the skull and thus may serve to equal- 
ize the cii-culation. They are assisted in this by certaui 
other small veins that pass througli definite foramina. 

The following may be mentioned as the most impor- 
tant : tJiat through the mastoid foramen, which , 
is very constant, and draws blood directly from 
the lateral sinus. Those through the posterior condyloid 
canals, which are less constant but often veiy large, and 
also lead from the lateral sinuses ; they run into the be- 
ginning of the vertebral plexus. There is also usually a 
vein running through the anterior condyloid foramen. 
These three foramina are usually larger on the same side 
as the larger lateral siuus. The parietal foramina are of 
little consequence. The opening of the superior longi- 
tudinal sinus into the nose in childhood accounts for 
the greater tendency to nose-bleed at that age, and is 
doubtless a great safeguard, but is usually closed in adult 
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There can be no doubt tliat tbe amomtt of blood in 
the brain must vary, and the interior of the skidl Ih ar- 
ranged to allow this variation without prejudice to tho 
safety of the oi^an. The way in which the brain is 
maintained in position is one of the most remarkable 
points of anatomy. A perfectly fresh brain removeo 
from the head will not support its own weight even i 
fluid. The tentorium serves to remove the weight < 
the cerebrum from the cerebellum and medulla, and 
the falx keeps the hemisphei'eB apart, but still it is not 
probable that these protections alone would be sufficient. 
Way in For its further protection it rests in part on the 
brain la cerebro-spinal fluid which gives it a gentle sup- 
supporwd. pQ^f.^ gj,^ besides this the veins that go from its 
convexity to the superior sinus may be said to some ( 
tent to suspend it. 

Much has been written as to whether there are movi 
ments of the brain when the skull is in its normal state 
and though it is unlikely that tliey are very marked, thei 
is no reason why there should not be two distinct onea 
One depends on the rush of blood in by the arte 
which not only would raise the brain but perhaps slig 
expand it, and the other is due to the retardation of t 
blood in the veins during expiration. The former movi 
ment must be synchronous with the pulse, the latter v 
the respiration. If these motions exist, one purpose ( 

the cerebro-spinal fluid is evident, but also i 
sbro-spiimi serves to keep the skull full in both gradiu 

and sudden changes in the amount of blood. 
there is an excess of blood the fluid accumulates in t 
spinal canal, driving by distension of the sheath t 
blood out of the vertebral plexuses which surround i 
and at the same time the orbital veins and other emia;^ 
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saria carry blood to the outside of the head. If the 
blood in the skull is diminished, the opposite movements 
take place. It seems also that the fluid can be secreted 
very rapidly in case there should be any general loss of 
blood. 
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CHAPTER XV. 

INNEEVATION. 

The head, with the exception of a part of tiie eiirface 
which is reached by the spinal nerves, difFers from the rest 
of the body in being supplied with aensation and motion 
by dlBtinct nerres. It is true that the sensory and motor 
branches join one another in their course, and thus that 
in most places the terminal filaments may be called 
" mixed," bat this is not 
umversal, and, owmg to the 
distinct ongin of the nerves, 
we find in the head clearer 
caaea of purely motor or 
BenBory paralysis than else- 
where. The olfactory, op- 
tic, and auditory nerves 
may be dismissed at once 
as nerves of special sense, 
and the glosso-pharyngeal 
has some claim to be simi- 
larly classed as the nerve 
of taste ; but though the 
conveyance of gustatory im- 
pressions is its chief func- 
tion, it probably has others 
also, and there is little 
doubt that other nerves assist in tasting. The third, 
fourth, and sixth pairs distributed to the muscles of the 
orbit need no additional description, but their union 
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with sympathetic fibres, and with some from the fifth 
pair, may be alluded to. The fifth ia the great sensory 
nerve of the head. Its peripheraJ distribution is well 
shown in Fig. 10. As has been mentioned, the distribu- 
tion of its first division corresponds pretty closely with 
that of the ophthalmic artery, while that of the second 
and third has a resemblance to that of the internal maxil- 
lary, but ia more extensive. The motor part of the third 
division supplies the muscles of mastication, the anterior 
belly of the digastric, which from the part it takes in open- 
ing the mouth may perhaps be classed among them, and 
the mylo-hyoid. The first and second divisions of the fifth 
pair have each a ganglion connected with tliem, and the 
third two. These gauglia have a certain general resem- 
blance to those of the sympathetic cords, which, eangHjot 
whether it be real or apparent, is of assistance ^f''' P"'- 
in remembering their connections. Each has a commu- 
nication with the cerebro-Bpinal system, which, owing to 
the nature of the nerves of the head, ia necessarily double, 
consisting of a motor and a sensory root ; each is connected 
with the sympathetic system by branches from the plex- 
uses that follow the arteries, and each sends out branches. 
Thoae of the first enter the eyeball and doubtless regulate 
the action of the internal muscles and the size of the ves- 
sels. Thoae of the otic ganglion apparently have a similar 
office in the ear, supplying as they do the dilatator tubse 
and tensor tympani, though there are other small branches, 
and the laxator tympani, is supplied by the facial. The 
submaxillary ganglion presides over the gland and dnct. 
Meckel's ganglion, which is in connection with the second 
division of the fifth pair, is more complicated. Its branches 
supply the palate, the walla of the nasal cavities, and the 
septum. It receives motor fibres from the geniculate gan- 
glion of the facial, which reach it through the Vidian 
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nerve, and which are ultimately distributed in the soft 
filiate which ia paralyzed in facial paralysis of central 
origin. It ia questioned, however, whether the Vidian 
nerve does not contain fibres running (he other way, 
namely, from the fifth pair to the geniculate ganglion, and 
thence along the facial for a short stretch, to leave it at 
the chorda tympani. This theory, which has a good deal 
in its favor, would do away with the apparent anomaly 
Cbnrda ^" origin of the chorda, namely, the sudden 
tympani. turning backward of ite fibres, and would ac- 
count for the fact that section of the chorda and paralysis 
of the facialmayoccasionnoparalysisof the tongue. The 
facial is also joined at the geniculate ganglion by the 
tympanic bi-aiich of the glosso-pbaryngeal. Whether or 
not the chorda tympani derives its fibres from the facial, 
it ia certain that the power of taste exists along the edges 
and tip of the tongue, and that in some paralyses of the 
facial it !s lost or weakened, but in other cases it persists, 
and it has been found both present and absent in paralysis 
of the fifth. The question of the relation of the chorda 
to taste is consequently far from settled. The facial 
nerve presides essentially over the muscles of expreaaion, 
but it also supplies the posterior belly of the occipito- 
frontalis, the muscles of the ear, and the posterior belly of 
the digastric, as well as the muscles of the soft palate. 
The pneumogaatric and spinal accessory have little to do 
with the head but they have several coTomunications with 
neighboring nerves. The auricular branch of the vagus 
supplies in part the external meatus and outer ear and 
joins a twig of the facial. The pharyngeal branch, which 
forms a plexus with fibres of the glosso-pharyngeal and 
sympathetic, ia the only other one of importance in this 
region. The hypoglossal is the motor nerve of the 
tongue but supplies also the atjlo-hyoid, genio-hyoid, and 
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thyi'o-hyoid. Inside the tongue it has various communi- 
cations with the gustatory. The sympathetic fibres are 
very numerous in the head, accompanying the vessek, and 
joining the other nerves at many points. The influence 
of the sympathetic on the circulation, the glands, and 
the organs of special sense, is doubtless very important, 
though as yet imperfectly understood. 
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Angle of jaw, 45. 
Antrum, 69, 74. 
Arachnoid, 36. 
Arteries, of antrum, 75. 

basilar, 121. 

carotid, external, 110. 

internal, 107-121. 

central, of retina, 64. 

cerebral, 121. 

cerebellar, 120, 121. 

circle of Willis, 122. 

coronary, 79. 

facial, 78, 110. 

internal maxillary, 95. 

lingual, 90, 110. 

middle meningeal, 65. 

occipital, 110. 

of orbit, 64. 

of septum, 70. 

supra-orbital, 55. 

temporal, 95. 

of outside of vault, 52. 

vertebral, 115-120. 
Aqueduct of Fallopius, 23. 

Silvius, 33. 
Atlas, 115. 

Auditory meatus, external, 1 13. 

internal, 23. 
Axis, 115. 

Basilar process, 16. 
Bones, hyoid, 47. 

nasal, 68. 

portion of hyoid, 48. 

temporal-petrous portion, 21 , 

turbinated, 69. 
Brain, circulation of, 122 e^ seq. 



Brain, divisions of, 29. 

fissures of, 32. 

lobes of, 32, 33. 

lymphatics of, 38. 

membranes of, 36. 

mode of support of, 126. 

transverse fissure of, 37. 

ventricles of, fourth, 30. 

ventricles of, fifth, 35. 

ventricles of, lateral, 34. 

ventricles of, third, 33. 

weight of, 29. 
Bursa sublingualis, 88. 

Canal, carotid, 16. 
dental, 96. 

palatine, anterior, 82. 
posterior, 47. 
Vidian, 47. 
Cells, ethmoidal, 69, 70. 
Cerebellum, 29. 

peduncles of, 30. 
Cerebro-spinal fluid, 36, 126. 
Choroid plexus, 37. 
Circle of Willis, 122. 
Circulation, of brain, 122. 
of face, 78. 
intra-craniol, 119. 
of orbit, 64. 
Conjunctiva, 67. 
Corpus callosum, 32. 

fimbr latum, 35. 
striatum, 34. 
Corpora albicantia, 31. 

quadrigemina, 30. 
Crura cerebri, 31. 
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Duct, lachrymal, 58. 

of Rivini, 88. 

Steno's, 107. 

Wharton's, 88, 89. 
Dura mater, 38. 

Ear, bleeding from, 24. 

external, 112. 

inner, 23. 

meatus intemus, 23. 

middle, 22. 
Emissaria, 129. 
Eustachian tube, 99. 
Eyelids, 56. 

Face, skeleton of, 45. 
Falx cerebelli, 41. 

cerebri, 39. 
Fascia, cervical, 52, 106. 

superficial temporal, 50. 
temporal, 51. 
Fauces, pillars of, 83. 
Fibro-cartilage of jaw, 92. 
Fissure of Glaser, 14. 

longitudinal, of brain, 32. 
parieto-occipital, 33. 
pterygo-maxillary, 47. 
of Rolando, 32. 
of Silvius, 32. 
spheno-maxillary, 56. 
sphenoidal, 56. 
transverse of brain, 37. 
Foramen, caecum of skull, 54. 
caecum of tongue, 86. 
carotid, 16. 
condyloid, 15. 
relative size of, 19. 
lacerated anterior (sphe- 
noidal fissure), 56. 
middle, 16. 
posterior (jugular), 16 cf 

seq. 
of Monro, 34. 
ovale, 16, 95. 
rotundum, 47. 
spheno-palatine, 47. 
spinosum, 16. 



Foramen, stylo-mastoid, 16. 
Fossa, jugular, 16, 108. 

of Rosenmiiller, 99. 

spheno-maxillary, 47. 

temporal, 14. 

zygomatic, 14, 47. 
Frsenum linguae, 87. 

Ganglion, of face, 129. 
Gasserian, 43. 
geniculate, 24. 
lenticular, 64. 
Meckel's, 75. 
otic, 97. 
submaxillary, 90. 

Glands, cerumenous, 113. 
lachrymal, 58. 
lymphatic, 89, 111. 
Meibomian, 57. 
parotid, 106. 
sublingual, 88. 
submaxillary, 89. 

Hyoid, 47. 

Infundibulum of brain, 31. 

of nose, 54, 69. 
Inter-peduncular space, 31. 

Jaw, lower, 45, 46. 
Jugular foramen, 16 e£ seq., 108. 
fossa, 16 et seq,, 108. 

Lachrymal sac, 58. 
Ligaments, check ligaments, 116. 
of jaw, 92. 

pterygo-maxillary, 78. 
stylo-maxillary, 106. 
transverse of atlas, 116. 
Lines (or ridges), occipital inferior, 
15. 
occipital superior, 13. 
temporal, 14. 
Lips, 77. 

Lymphatics of face, 79. 
of head, 52. 
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Mastoid cells, 22. 
Medulla oblongata, 29. 
Membrane of tympanum, 113, 114. 
Mouth, 77. 

closed by atmospheric pres- 
sure, 87. 
Muscles, buccinator, 77. 

digastric, 89, 95. 

jaw, action of muscles of, 
94. 

levator palati, 100. 

masseter, 93. 

mylo-hyoid, 88. 

of neck, back of, 118. 

occipito- frontalis, 50. 

orbicularis oris, 77. 

orbicularis palpebrarum, 
56. 

of orbit, 61. 

of orbit, action of, 62. 

of pharynx, 103. 

pterygoid, external, 94. 

pterygoid, internal, 93. 

splenii, 118. 

of styloid, 106. 

temporal, 14, 51. 

tensor-pnlati, 100, 

of tongue, 84. 

Nerves, anastomoses of, 128. 
of antrum, 75. 
auriculo-tcmporal, 96. 
of buccinator, 78. 
chorda tympani, 96-130. 
dental, inferior, 96. 
of dura mater, 41, 42. 
of face, 79, 128. 
facial, 109, 130. 
fifth pair, first division, 63. 
fifth pair, second division, 75. 
fifth pair, third division, 96. 
glosso-pharyngeal, 86, 103, 

108. 
gustatory, 86, 89. 
hypoglossal, 86, 90, 109. 
infra-orbital, 81. 
olfactory, 70. 



Nerves, optic, 61. 

decussation of, 42. 

decussation, sheath of, 61. 

of orbit, 63. 

pneumogastric, 108. 

of skull, inside of, 42, 43, 
44. 

spinal accessory, 109. 

sub-occipital, 118. 

supra-orbital, 55. 

of tonjrue, 86. 

of vault, superficial ones, 53. 

Vidian, 76. 
Nose, cartilage of, 68. 
cavity of, 69. 

corpora cavernosa of, 71 et s^q. 
meatus, 69. 

mucous membrane of, 71. 
septum, 67. 

Olfactory bulb, 32. 
Optic chiasma, 42. 
thalami, 34. 
Orbit, 55. 

Palate, hard, 81. 
soft, 101. 

relation to tongue, 82. 
Pharynx, 98 et seq. 
Pia mater, 36. 
Pituitary body, 31. 
Pons Varolii, 31. 
Processes, clinoid, 21. 

external angular of front- 
al, 13. 

hamular, 82. 

mastoid, 15. 

odontoid, 116. 

styloid, 46, 105. 

vaginal, 14. 

Ramus of jaw, region of, 92. 

Scalp, 49. 

Sella turcica, 20. 

Septum lucidum, 35. 

Sinus, of dura mater, 39 et seq. 
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Siniu, frontal, 53. 

flphenoidal, 21. 
Skin of face, 49. 

of forehead, 53. 
of lipfl, 77. 
Skull, asymmetry of, 12. 
base, 21 e^ seq. 
front view, 13. 
inferior view, 15. 
interior of, 20. 
rear view, 13. 
thickness of, 25. 
upper view, 11. 
Snpra-hyoid region, 89. 
Sutures, effect of closure of, 11. 
interlocking of, 26. 
manner of closure of, 27. 
time, 27. 

Tears, course of, 58. 
Teeth, 81. 

Tenon's capsule, 58. 
Tentorium cerebelli, 39. 



Tongue, 83. 

dorsum of, 86. 

movements of, 85. 

position of, 86, 87. 

relation to pharynx, 102. 
Tonsil, 101. 
Tympanic plate, 16. 

Uvula, 82. 

Valve of Vieussens, 30. 
Veins, of diploe, 124. 

facial, 79. 

jugular, external. 111. 

jugular, internal, 108. 

lingual, 91. 

meningeal, 124. 

ophthalmo-meningeal, 65, 95. 

of orbit, 65. 

of parotid. 111. 

pterygoid plexus, 95, 65. 

of outside of vault, 52. 
Velum interposition, 37. 
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